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INTRODUCTION 
Plant diseases have been one of the greates t hazards  to crop pro­
duct ion almos t since men began to domes ticate plant s . Biblical 
references refer to severe disease epidemics such as bla s t ing , 
blighting and rus t ing of plant s . The impact of plant diseases on crops 
is still grossly underes timated in most agricultura l  areas . This is 
par t icularly true of those crops that are rarely , if ever , subjec ted to 
severe ep idemics of plant disease . Dramat ic los ses from stem rust  of 
wheat , the near eliminat ion of the Ameri can ches tnut , and the 1970 epi­
demic of southern corn 1eaf blight in the United S tates are graphic 
examples of the effect  of plant disease ep idemics . Disease control by 
resi s tance proba bly remains the oldes t method used to combat plant 
pat hogens . Ancient civilizat ions of Greece and Rome recognized di f­
ferences among plants in their susceptibility to diseases . Natural 
select ion and survival of the fit tes t probably provided early man with 
some base for res is tance in the wild plant s that served as progeni tors 
of cult ivated crops . The redis covery of Mendel ' s  contribut ions to the 
theory of heredity in the early 1 900s marks the modern beginnings of 
breeding for di sease res is tance as a means of cont rolling plant 
diseases . Mende l ' s  work provides the scient ific basis  for exploi t ing 
inherent res i s tance present in most crop species to a mult ip le of 
causal agents  of disease . 
Res is tance enables crop plants to defend themselves agains t their 
pat hogens or agains t a level of disease dele terious to the crop· 
Frequent ly, the relat ive succes s of other cont rol measures is de ter-
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mined by the precis i on of thei r us e .  Res i s tance , however , is not so 
subj ect to external variation .  Concerns for the quali t y  of the 
environment when chemicals are us ed to cont rol dis eas e illus t rates the 
importance of gene t i c  cont rol of plant dis eas es . Whereas the protec­
t i on of crops of high unit value ( f ruit orchards , vege t ab les , 
ornament als ) by the us e of fungi�ides is considered profi t able , heredi­
t ary cont rol remains the mo s t  economically feas i ble s t rategy to protect 
crops of low unit value such as corn , wheat , ri ce and forages . 
Fortunate ly for breeder-pathologists , mos t  species of cul t i vated plants 
posses s  adequate res i s tance to mos t of thei r  paras i t es . 
The development of agronomically adapted crop vari eties with 
suf ficient res is tance to maj or diseas es has enabled many developing 
count ries to begin to meet  their ever-growing demands for food . The 
s o-called "g reen-revoluti on" hinges largely on the development and 
maint enance of adequat e res is tance to an array of plant pathogens in 
pot ent ial ly high yielding ce real crops as a means of cont inued crop 
product ion . 
Corn is the mos t  important plant native to the Ameri can con­
t inent , with the Uni ted S tates producing about 44% o f  the worl d  crop . 
Used directly or indirect ly , corn provides the U SA with more food than 
any other cereal  crop . I t  is a principal stap le food for human con­
sumption in many thi rd world count ries . World reduct i on in corn pro­
duct ion from dis eas es is es timated to average 9 . 4% . Los s es in the Corn 
Belt of the U SA were in the range of 7 to 17% in 1 980 . As dis eas e 
res istant corn hybri ds are developed , new diseas es evolve in what may 
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be decri bed  as the co-evoluti onary race be tween corn pathogens and hos t  
res is t ance sys tems . An examp le of this is the occurrence of a new bac­
terial diseas e of corn ca lled "Goss ' bacteri al Wilt  and Blight" , or 
"Leaf Freckles and Wi lt" (LFW) whi ch firs t appeared in Nebraska in 
1 969 . 
Becaus e of its rapid  geographical spread in the Corn Belt of the 
USA , including S outh Dakota , and its demons t rated abi li ty to severely 
reduce yields , at tent ion is being di rected at developing mai z e  genoty­
pes that are res is tant to the pathogen . A fundament al requirement in 
breeding for res is tance to an unfamiliar dis eas e is ·  to firs t obt ain 
knowledge of the genet i cs of the part i cular pathosys tem.  The obj ec­
t ives of the res earch report ed herein were : 
a )  t o  determine the mode of inheri tance to L FW;  
b)  t o  es t imate the number of genes involved in dis eas e reaction ;  
c )  and als o  to es t imate heri tability o f  res i s tance in the broad 
s ens e ;  and , 
d )  t o  cytologically locate the factors on corn chromosomes 
that condi t i on res is tance to LFW. 
LITERATURE REVIEW 
The bacterial dis eas e , leaf freckles and wilt ( LFW) of  corn ( Zea 
mays L . )  was firs t observed in 1969 on two farms in south central 
Nebraska ( 55 ) . I t  has since spread to  other areas of  that s tate and is 
reported in at leas t eight Midwes tern states . In the twelve seas ons 
following its first appearance , the diseas e was observed in 58 count ies 
of Nebraska and in at leas t five count ies each in the states of 
Colorado , Kansas , Iowa and S outh Dakota .  In 1980 , the dis eas e was 
reported in four I l linoi s count ies and in seven add i t ional count ies one 
year later . Unconfirmed report s of the diseas e occurring in Minnes ota 
and Wis cons in were received for the firs t time in 1 98 1 . The disease 
has been observed under both dryland and irrigated condi t i ons . 
The causal organi sm of LFW was identif ied as a bacterium 
( 4 1 )  and first des cri bed as Corynebacterium nebraskense (4 2 , 5 2 ) . It 
is  a nonmoti le , gram pos i t ive , nonflagellat e , pleomorphi c rod • . It is 
characteri zed by orange pigmented mucoid colonies , the inabi lity to grow 
on TTC ( 2 , 3 , 5 , triphenyl tetrazolium chloride ) agar , speci f i c  bac­
t eri ophage sens i t ivity , and a guanine + cytosine content of 73 . 5  mol% 
( 53 ) , whi ch dis tinguishes it from other des cri bed  phyt opathogeni c 
Corynebacterium spp . 
The common name , Leaf Freckles and Wilt , was chos en among many 
others be caus e it is des crip tive of the dis eas e sympt oms . ..Goss ' bac­
terial wilt and bli ght of corn , "  or simply "Gos s '  wilt" have come into  
general us age as the preferred name in  honor of Dr . Robert Goss , an 
eminent s ci ent is t  and teacher at the Universi t y  of Nebraska . 
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On field corn , popcorn and sweet corn , the dis eas e is seen as a 
leaf blight and/ or sys temic wilt and sof t  rot ( 5 ) . The gross morpholo­
gi cal symptoms are somewhat similar to thos e of S tewart ' s  bacteri al 
wilt and leaf blight caus ed by Erwinia stewarti i  ( E . F . Smit h )  Dye 
( 1 96 3) . A d ifferent iat ing symptom be tween LFW and S tewart ' s  wilt  is 
that in the lat ter there are wate rsoaked les i ons with wavy and irregu­
lar margins ( 29 ) . The mos t  characteris ti c  symptom of G os s ' wil t  is the 
dark green to black dis crete watersoaked spots ( freckles ) a long the 
veins of corn leaves ( 42 ) . As the les ions enlarge , droplets  of bac­
t erial exudat e may appear on the surface of the dis eas ed tis sue . The 
droplets  soon dry ,  leaving a crys talline subs tance that gli s tens when 
examined in di rec t  sunlight . Eventually , coales cens e of les i ons result 
in a typical blight symp t om. Other symptoms ( 7 , 42 ) i nclude light 
green yellow stripes ( occas ionally reddish , d epending on the hos t  
genotype ) s tart ing from the point of infection and advancing upward , 
part i cularly along leaf margins . Wavy and irregular margins occur 
along the leaf veins . Infected corn plants may wil t  and di e at any 
s tage . Leaves of infected seedl ings in some genot ypes may stick 
together due to the ba cterial exudate , prevent ing emergence of tas sels 
causing the s talk to bend in the form of a loop or to form a "buggy 
whip" . In adult  plants there is dis colorat ion of int eri or nodes and 
internodes and a crown or basal rot may occur . The pathogen is pri­
mari ly a vas cular paras i t e , but invades other tis sues , such as 
parenchyma .  A t oxin is produced in culture by �· nebraskense (7 ). In 
the plant , this  toxin precedes the ba cterium by a few days , producing 
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grayish green stripes on the leaves . 
Arti f i ci al inoculat ions made with 25 plant species (4 1 )  indicated 
a narrow hos t  range in cultivated plant species sus cept i ble to �· 
nebraskense . This bacterium has been is olated from green foxtai l 
( Setaria viridis Beauv . ), shat tercane ( Sorghum bicolor L .  Moench . ) ,  
sudan grass ( Sorghum vulgare sudanense Hit chc . ) ,  eas tern gamagrass 
( Tripsaccum dactyloides L . ) ,  grain sorghum ( Sorghum vulgare Pers . ) ,  
sugarcane ( Saccharum offi cinarum L . ) and teos inte ( Euchlaena mexicana 
Schrad . ) .  
In corn , the pathogen has been is olated from mos t plant part s  
including root s , stems, leaf bl ades , sheaths , tas sels, husks, silk, 
cobs and kernels . Infected corn stubble was shown to be a source of 
primary inoculum under field condi t ions (4 1 ) .  A field experiment to 
determine the duration of survival of the pathogen at different soi l 
depths on dif ferent plant parts and as a pure culture was reported 
( 4 1 ) . The bacterium in leaf tis sue did not su rvive for 10 months when 
the tissue was incorporated into  the soil to an 8-inch depth . 
Different soi l depths di d not af fect bacteri al survival in stems, cobs 
or ears to the same extent as in the leaves . Pure cultures of the 
pathogen proved the poores t mechanism for survival -- recovery was not 
realized at any placement depth . 
Different st rains of c .  nebraskense provoke dif fering degrees of 
symp tom expres s i on in corn seedlings . Many bacteri al species are a 
confederat ion of strains having some characteris ti cs in common but dif­
fering in others, including degrees of virulence ( 53 ). Accordingly ,  �· 
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nebraskense comp ri s es a populat ion of st rains . The exis t ence of 
s trains is indicated by the variat ion in the degree of aggress i veness  
of the is olates as evidenced by the react ion of  inbreds  and hybri ds to 
the cultures ( 42 ) . V idaver and colleagues ( 53 )  repor t ed that 85 
s t rains of the bacterium collected from mai ze  over 1 1  y ears from 
Nebraska and bor dering states were clas sified into eight groups by bac­
teri ocin and bacteri ophage typing. 
The stage of plant maturi ty reportedly plays a hi ghly signif i cant 
role in LFW rat ings of res is tant plants , but not in the rat ings of 
sus cep t i ble plants .  In one study ( 6 ), corn inbred lines res i s t ant and 
sus ceptible to C .  nebraskense were simultaneous ly inocula ted by syringe 
inj ection at four dif ferent growth stages and at four dif ferent inocu­
lum concent rat i ons . Sus ceptible lines LFW reaction was not great ly 
influenced by plant age . With the res is tant inbred  lines , LFW severi ty 
decreas ed with increas ing maturi t y , but on sus cep t ible genot ypes , 
greates t LFW severi ty occured at tas s elling . 
Economically seri ous losses are expected on sus cep t ible genotypes 
when plant inj ury occurs in conj unction with warm , humid environment al 
conditions ( 35 ) . Air temperatures of 25°C proved favorable for disease 
development . In comparative temperature tes ts ( 4 1 )  conducted at 1 8 , 
25 , and 28°C , sympt oms required 28 , 3 -5 , and 1-3 d ays to deve lop , 
res pectively . 
S tudies ini t i ated to det ermine the eff ect of C .  nebraskense on 
corn yields and the res pons e  of commercial corn hybr i ds have been 
reported ( 1 0 ) . In one of these studies , the inoculat ed sus ceptible 
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hybrid  A619 x A63 2  yielded 44% les s  than the uninoculated cont rol and 
had an average dis ease rat ing of 5 . 1  ( on a 0-6 s ca le ) . In cont ras t ,  a 
diseas e rat ing and yield loss of 1 . 0  and 1 % ,  respectively , were 
recorded with the inoculated res is tant hybri d  B 7 3  x Mo17 . A high 
foliar disease rat ing did not always correlate wit h  a signifi cant yield 
reduct ion and several hybri ds wi�h low disease rat ings suffered signi­
fi cant yield los ses . 
Effective cont rol measures of diseases of field crops frequent ly 
involve proper crop sequencing and rotat ions depending on adequate 
knowledge of the survival mechanisms of the pathogen under field con­
d i t i ons , its  epi demiology , and its hos t  range . C .  nebraskense overwin­
ters in sus ceptible plant stubbles maintained on the soi l su rface ( 44 ) . 
Schus ter and col leagues ( 42 )  reported that in Hall County of Nebraska , 
a 2 0-acre , deep-fall plowed field in which LFW had caused 22%  l oss in 
yield in 19 7 1  was sown to soybean , a non-sus cep t ible cro p .  When a very 
sus cepti ble corn hybri d  was grown on the same field in 197 3 , LFW was 
pres ent in only trace amounts . Organi c decompos i t i on may have creat ed 
a condi t ion of ant ibi os is  to the bacterial pathogen . Reduced tillage 
and cont inuous corn production sys tems render both crop rot at ion and 
deep-plowing opt i ons inappli cable as a cont rol agains t LFW. Burning of 
s tubble to reduce di s eas e potent ial is one option with overwhelming 
environment al and agronomic dis advantages as s ociated with it . 
The reported exis tence of significant genotyp i c  di fferences to 
LFW reaction among corn inbreds and hybri ds ( 5 ,  7 ,  14 , 15 , 16 , 4 1 ,  4 3 ) , 
sugges t that breeding for res is tance is the bes t means of cont rolling 
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or  minimi zing the impact of this diseas e in the Midwes t .  
Several art if i cial inoculat ion techniques for Gos s ' wilt  have 
been tes ted ( 4 1 )  i n  an at tempt  to determine the be s t method to elicit  
maximum symptom expression on seedl ings . Spraying of  corn plants by 
genera l  atomi z ing ( without water-soaking) occasi onally resulted in 
infection , es pecially from appli -cation of a bacteri al suspens i on into 
the whorl .  Waters oaking leaves by forcing inoculum int o  the leaf 
through the stomat a using an atomiz er at tached to a 15 lb . /m2 ai rline 
did not result  in infection .  Spraying a bacteri al suspens i on to 
clipped leaves or inj ection by the hypodermic syringe int o  the bases of 
seedings one inch above the soi l line di d not give cons i s t ent results . 
In the cut-spray method , older leaves appeared le s s  sus ceptible than 
younger leaves . Carlson and col leagues ( 9) reported the use of a 
pres sure inj ection device ( PID) f or innoculation of mai z e  with bac­
t erial phytopathogens . The PID has been used for L FW ,  Stewart ' s  wilt , 
and Pseudomonas andropogoni s and has consis tent ly given stat is ti cally 
precise resul ts for diseas e react i ons . The use of the pinprick 
( mult ip le needl e )  method at seedling stages ( 8 )  p roduce d  maximum symp­
tom expres s i on in sus ceptible genotypes . This les s  labori ous technique 
reportedly gave rat ings whi ch were highly correlated ( r  = 0 . 997 )  with 
thos e produced by the syringe inj ection technique at tas s e l ling ( 8 ) . 
Rat ing scales of o�4 ( 8 , 4 5 )  or 0-6 ( 1 4 ,  1 5 , 1 6 )  have been 
used to rate LFW severi ty where 0 = no visible symptom and ( depending 
on the scale us ed)  4 or 6 =dead plant . Rat ing mature plant s  following 
hypodermi c inj ecti on generally confirmed the results  from earlier 
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rat ing with pinpri ck inoculat ion ( 8 ) . Analysis of dat a  from a study of 
corn inbred lines react ion to L FW  ( 8 )  indicated that some genot ypes 
(25 % )  LFW rat ing declined on the second rat ing dat e  and only a small 
proport ion ( 1 3 % )  increas ed in L FW  rat ing . Characteri zat i on of corn 
genotypes bas ed on their  reaction to LFW mus t  be made with caution . 
Proper recommendat ions need only-be made af ter the reaction of corn 
genotypes to this diseas e have been checked further .  Rat ings following 
pinpri ck inoculat i on at se edling stage in conj unction with inj ection 
i noculat ion at tas s elling proved successful in ident ifying res is tant 
and sus ceptible genotypes . 
Gardne r and S chus ter (2 1 ) , in a gene tic  study of sus ceptibility 
to LFW, made two inbred line diallel crosses ( 1 0 x 1 0  and 13  x 1 3 )  and 
evaluated the F 1 ' s  in the greenhouse for dis eas e reaction af ter 
pinpri ck inoculat ion of seedlings with a mixture of si x cultures . 
Plant s were rated for sus ceptibi li ty two weeks af ter inoculation us ing 
a 0-4 s cale . In this  di allel study, no res is tant lines were evident 
and only a few Q rat ings were given . The mo s t  resi s t ant lines and the 
mos t  sus ceptible lines from the two di allels,  along with the F1 and 
F2 hybri ds and avai lable backcross generations were evaluated  for 
dis eas e react ion in the greenhous e .  The F1 , F2 and backcros s gene ra­
t i on means tended to be intermediate between their  sus ce p tible and 
res is tant parents . Rat ings obtained were quite close  to those  expected 
bas ed on an addit ive gene t i c  model . 
The same experiment was repeated in the field and plants were 
inoculated with a suspens i on of 2 x 108 bcpm us ing the syringe inj ec­
t ion technique . 
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Res is tant lines produced hybri ds which were also  more res is tant 
than hybrids of sus ceptible x sus cept ible or sus cept ible x res i s t ant 
lines . Evidence from this and a similar study ( 35 )  indicate that 
cros ses of sus ceptible x sus ceptible , sus cept ible x res is tant and 
res i s t ant x res i s tant lines tended to be intermediate be tween their  
parent s , sugges ting that inheri tance of res istance is  add i t i ve in 
nature . 
In experiment s by Mart in et al . ( 35 ) , the Gardner-Eberhart 
model was used to par t i t ion the variation among F1 and parental means 
int o line ( addi t ive )  effects and heterosis ( non-addi t i ve )  ef fects . 
Signiftcant addi t ive effects were de tected in the analyses for two 
years and for the combined locations for one year . Thi s  vari at ion in 
parental  cont ri butions of homozygous loci amounted to 8 0 . 7  - 88 . 7 % o f  
the total vari at ion among genotypes for the dif ferent analyses . 
Specific  heteros is  ef fects accounted for 7 . 0%  o f  the to t al variat ion . 
This was probably due to the specif i c  ef f ects of sus cep ti ble line B l 4A 
crossed ont o  the more res is tant lines . Analyses with , and without , 
parents gave simi lar results for two years and for the combined loca­
t ions in another year . Part ial dominance for sus cept ibi li ty  to LFW was 
indi cated ( 35 )  by the fact that F1 readings were gene ral l y  greater than 
the midparent values . Conclus ions from thes e studies sugges t that pro­
bably more than one maj or locus cont rols  dis eas e rea ct ion . This would 
imply that breeding techniques concent rat ing on addit ive gene eff ects 
should be effect ive in breeding for res is tance to L FW .  
MATERIALS AND METHOD S 
Genet i c  Material and Genetic  Studies 
Twelve inbred lines with inbreeding coeff i ci ents that exceeded 
0 . 9 5  were us ed in the study : A6 19 , A632 , A634 , A64 1 ,  A66 1 ,  A662 , SD 1 8  
S D  24 , W1 1 7 ,  W64A , CM1 05 , and B 1 4A .  Thes e  lines were obt ained from 
the Department of P lant Science at SDSU . The 40 homo zygous reciprocal 
t rans locat i on stocks had been backcrossed at leas t five times to the 
LFW res i s tant inbred lines M1 4 or W23 . Both sets  were cons i dered 
nearly homozygous . The inbred lines , trans locat i on stocks , F1 and 
Fz material in vari ous experiment s were all art ifi cially inoculated 
wi th the C .  nebraskense and were evaluated under greenhouse and field 
condi tions at the Plant Science Department Research faci l i t ies . Al l 
greenhouse plant s were grown in plas tic  pots 1 1  em di ameter x 1 0  em 
deep fi lled with s team-s teri li z ed soi l and maintained on rais ed 
benches . 
II . Inoculum Preparat i on , Inoculation and Rating Techniques 
Inoculum was prepared by mixing a suspens i on of six isolates ( Gib  
I ,  2 98 , CH . 408 , Fargot A,  Lex I I , Imperial LFW) of �·  nebraskense 
obtained from the Univers ity of Nebraska and maintained as stock 
cultures at 4°C in  slant tubes of nutrient-broth-yeas t ( NBY) med ium. 
Each of the six is olates of the bacterium were s t reaked from the stock 
cultures ont o  plates of NBY .  The cultures were grown for app roximately 
48 hours at 2 5°C . The cells  were then washed from p lat es with 
dis t i lled water and the ce ll  sus pens ion adj us ted to the des i red optical 
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dens ity  equivalent with the us e of a spectrophotometer ( Baus ch & Lomb 
Spectroni c 20 ) s et at 4 20 nm. An inoculum concent rat i on of 0 . 1 5 x 
1 08 bcpm was us ed for corn seedl ings and a 3 x 1 08 bcpm suspensi on for 
adul t plant s . 
Two ino culat ion techniques were us ed in this  stu dy -- the 
pinpri ck method on seedlings in ·the greenhouse and field , and the 
syringe method at anthesis  in the fi eld . The pinpri ck inoculation 
i ns t ruments and the inoculat ion technique were similar to those 
des cri bed  by Calub et al. ( 8 ) .  
In the greenhous e, seedlings were inoculated 2 1  d ays af ter 
plant ing ; in the field inoculat ion of seedlings was done at  the 5-6 
leaf st age . With the syringe method of inoculat ing plant s at anthesis , 
a 50 cm3 Vaco Pis tol Grip Rubber Plunger Syringe ( Ideal Ins t ruments , 
Inc . , Chi cago , IL 606 1 2 )  f i t ted  with a stainles s steel needle was 
used . Plants were inoculated in the field at mid s i lk by inj ect ing 2 ml 
of a suspens i on of 3 x 1 08 bcpm int o the second ear node . In the 
field , 5-7 plants  in the same row were inoculated at ant hes i s . 
Under greenhouse and field conditions, rat ings were taken 
approximately 1 0, 1 1  and 12 days after seedl ing inocula t ion . Rat ings 
of plants inoculated at anthes is were suppos ed to be taken at time of 
maximum sympt om expres s ion . However , in 1 982  and 1983 , foliar symp-
toms of the dis eas e were not dis cernible six weeks af ter  sy ringe inocu-
lat i on .  By this  time senes cence of leaf tissue had set in , further 
making it dif f i cult to obj ect ively rate the dis eas e .  Rat ings in this 
s tudy were therefore only seedling rat ings . 
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All pinpri ck inoculated plants were evaluated on a 0-4 s cale as 
follows : 
0 no vis i ble sympt oms ; 
1 s light infecti on ( 1 -3 pale spots on the leaf ) ;  
2 =moderate infect ion ( 4-10 pale spots and starting to spread ) ;  
3 s evere infect ion ( 1 1  or more pale spot s , of ten coales cing 
to form blight symp toms ; or leaf star t ing to wilt ; 
4 d ead ( all  leaves comple tely wilted or dri ed ; severe 
s tunt ing ) . 
I I I .  Evaluat ion of  Inbreds and Translocation Stock 
To conf irm reported inbred line react ion to LFW ,  13 inbred lines 
and 40 homozygous trans location stocks were evaluated for di seas e reac­
tion under greenhouse and field condi tions in separate  experiments .  
One experiment was repeated twice in the greenhous e in the 
winter/spri ng of 1981/ 8 2 . The des ign of these  experiments was the 
completely randomi zed des ign (CRD)  with two repetit i ons of five plants 
per ent ry . In the summers  of 1982 and 1983 the 13 inbreds and the 40 
transloca t i on s t ocks were tes ted for reaction to L FW d i s ease under 
fie ld condi t i ons on the Agronomy Farm of South Dakota S tate Universi ty 
in a randomi zed complete  blo ck design ( RCBD) with three rep li cat ions 
and with five plants per ent ry per replicat ion . Dat a obt ained from 
this experiment were analyz ed stat is tically. 
IV . 
a .  Mode of Inheritance of Resi s tance to LFW Disease 
In the summer of 198 1 , a 10-line set of di alle l cros ses was made 
1 5  
and the F 1 seed obt ained us ed in 1982 to determine the mode of inheri­
t ance of resi s t ance . The inbred line parents for the di allel included 
res is tant ( SD 1 8 , A66 2 ) ,  intermediate ( SD24 , CM1 05 , W64A , A66 1 ,  A6 1 9 )  
and sus ceptible ( A6 32 , A63 4 , W1 1 7 )  i nbred lines . The 4 5  nonreciprocal 
crosses were evaluated  in the greenhous e and in the fie ld .  The experi­
ment was conducted  twice in the -greenhouse in the spring of 1 982 in a 
CRD with 5 repe t i t i ons of two plants per ent ry. The same experiment 
was repeated in the field in the summers of 1 982 and 1 983  on single row 
plots 4 . 5  m long and plant s spaced 30 em within the row and 1 00 em bet ­
ween rows . The field design was the RCBD in three rep l i cations . 
Within each 1 5-plant row of an ent ry in the field in 1 982  five plants 
were inoculated at the seedling stage , the next five plants were inocu­
lated  at midsi lk stage and the res t  of the plants were se l f-pollinated 
to  obtain F2 seed to be us ed in 1 983 . 
b .  Analysi s  of Data 
LFW data from the dialle l cros ses were analyz ed to  tes t the 
s igni f i cance of genotypic di fferences and also  to obt ain  informat ion on 
the general and speci f i c  combining abi li t ies (GCA and S CA)  us ing Method 
4 ,  model I of  Gri f fing ( 2 2 ) . This  method makes us e of only the F 1 s 
( no parents , no reciprocals ) .  The analysis of variance for the fixed 
model ( RCBD )  was conducted as follows ( 24 ) : 
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The model used for the analysis of vari ance i n  this experiment 
was : 
where 
u = mean 
rk replicat ion effect 
gi + gj = GCA e f fects for the ith and j t h  parent, res pect ively 
Sij = SCA e ffects  of i x j F 1 cross 
Pij k = experiment al error for Yijk observat i on 
( K  = 1, 2, 
.
• • •  , r ;  i = j = 1, 2, • • •  , n )  
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The GCA and S CA effects were estimated respect ively as fol lows : 
1 
gi =- p ( p-2 )  [p
Yi .  - 2Y • •  ] 
1 
Si j = Yi j  - ( p-2 )  [Yi . + Y.j] + (p-1 ) ( p-2 ) Y • •  
where 
gi = est imate of G CA effect 
S i j  =- est imate of SCA effect 
v. Est imation of the Gene Number, Gene Act ion and Heritabil i ty of  
Resistance 
In the winter and spring of 1983 , F2 seedlings from the 1982 
s·elf-poll inations of the diallel entries were inoculated in the 
greenhouse . In the summer of 1 983 , this experiment was conducted in 
the field . In es t imat ing the number of genes involved in conferring 
resistance in corn to LFW , the F2 plants ( first segregat ing populat ion ) 
used were those from families involving crosses of resis tant x suscep-
t ible parents ( A6 6 2  x A63 2 , A662  x W1 1 7 , SD 18 x A63 2 , SD 18 x Wl 17) and 
crosses of intermediate x suscept ible ( A6 1 9  x A63 2 , A6 1 9  x Wl 1 7 ) .  Each 
fami ly was grouped to include the original inbred parents , the F1 and 
the F2 plants . The inclusion of the inbred parents and the F 1 served 
to provide a comparison of thei r reaction to LFW relat ive to that of 
the segregat ing F2 popula t ion . The possibi lity of up to three genes 
conditioning LFW d isease was investigated . An F2 populat ion of 2 10 and 
300 seedlings in the greenhouse and field ,  respec t ively , was considered 
adequate to detec t a possible 63 : 1  rat io expressed for resistant to 
suscept i ble plants if inheritance of resistance were in a Mendelian 
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fashion . I n  the greenhouse ,  each family also  included 10  seedlings 
each of the parental inbred lines and the F 1 per repli cat ion . In the 
field each family included 30 seedlings each of the parental inbred  
lines and the F 1 per  replication . The RCBD was us ed in  both the field 
(with three replications per fami ly) and greenhous e (with 4 repli ca-
t ions per family) . 
Analysi s  of  Data 
a .  Es timates of Number of Genes Involved in Resi s tance to  LFW 
The number of genes involved in condit i oning LFW resi s t ance 
within each family was es t imated as follows (33) : 
( K) = 1/2 ( P 1 - Pz) 
o2G 
where (K)  = e s timate of gene number 
mean dis ease rat ing of res is tant or intermediate parent 
mean diseas e rat ing of sus ceptible parent 
p ooled variance 
t otal gene t i c  vari ance . 
b .  Herit abi l i ty Es t imates 
Broad sense heri tability ( h2 ) e s timates were based on the 
variances of the parental, F1 and F2 populations in the manne r of Kelly 
and Bliss  ( 32 ) : 
where 
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o2G gene t ic vari ance 
o2p phenotypic vari ance ( total variance ) of the F2 generat ion 
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8 w = pooled within plot variance of parent s and the F1 generation . 
V I . Es t imat ion of Gene Action Conditioning Res i s tance to LFW 
Generat ion mean analyses were conducted to es t i mate the type of 
gene act ion condit ioning di seas e expressi on following art i f i cial inocu-
lat i on .  The mean LFW react ion of each generation were obt ained from 
pooled data from all plots  containing the same generat i on within a 
replicate . Means were then fi t ted by a weighted regre s si on in the 
manner of Mathe r  and Jinks ( 36 ) . The additive plus dominance model  
( Y  = m + a 1 d + azh)  was fi t ted to  the 1 983 greenhous e and field data , 
where Y is  the mean of a given generation , m is the int ercept , h is the 
pooled addi t ive gene t i c  eff ect, d is the dominance ef fect  and a1 and 
a2 are the relat ive cont ri butions of these effects to each generat ion 
mean . The coe f f i ci ent s and other parameters used in the generat ion 
mean analysis  are given in the following three-parameter  table ( 49 ) .  
coeffi ci ent  o f  parameters 
Generation Mean Weight a] a2 m 
where 
p1 Xp1 1/V(XP1) 
-1 0 1 
Pz Xp2 1/V(XP2) 
+1 0 1 
F1 XF1 1/v(XF1) 0 
+1 1 
-
1/V(XF2) 0 11 2 1 Fz XF2 
V vari ance and m = overall experimental mean . The weights 
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were the rec ip rocals  of the squared standard errors denoted by 1 /V(X ) ;  
e . g. the weight for P 1 is 1 /V( P 1 ) where P 1 is the mean of parent one. 
VII . Cytological Locat ion of Factors that  Condit ion Res i s tance to LFW. 
Forty homozygous recip rocal trans locat ion stocks with cytological 
informat ion on the pos it ion of breakpoint s developed by Dr . W. A .  
Russell of Iowa S tate University and quoted as res i s tant to LFW were 
obtained from the Department of Plant Pathology , University of Illinois 
at Urbana-Champaign in the spring of 198 1 . Mos t  of these  trans location 
s tocks had the endosperm markers sugary ( su )  and waxy ( wx ). The forty 
trans loca t ion st ocks involved most of the 20 chromosome arms of the 
corn genome. 
Two series of reciproca l homozygous inte rchanges were used in 
this study ( Table 1 7 ) . One se ries used inte rchanges with one breakpoint 
close to the waxy ( wx ) locus in the short arm of chromosome 9 .  The 
other series used inte rchanges with the breakpoint close to the sugary 
(�) locus in chromosome 4 .  These two se ries supplemented  each other. 
In the summer of 1981  and winter/spring of 1982 cros ses were 
made be tween each of the inbred lines A624 ,  Wl l 7  and each of the 40 
trans locat ion stocks. The F1 plant s of these ( t rans locat ion stock x 
inbred line ) crosses were evaluated for disease react ion in the field 
in 1982 . Uninoculated F 1 plant s were selfed to obtain F2 seed . 
Classificat ion of the F2 seed for the linked endo sperm marker gene was 
subst ituted for pollen fert ility classif icat ion in the segregat ing 
F2 progenies . The F2 seed from each cross  involving a sus cep tible 
inbred ( A634 or Wl l7 ) with a res is tant trans location st ock with sugary 
2 1  
( su )  or waxy ( wx ) marker were readily separated int o normal and sugary 
or waxy kernel phenot ypes . In the summer of.1983 , the parent lines , 
F1 and F2 gene ra t i ons for each trans location stock x sus cept ible inbred 
cross were grown in a group in the field . Plants were spaced 30 em 
apar t  within rows 4 . 5  m long and 100 em be tween rows . Each group 
compri s ed one 15-plant row each-of the normal inbred plant , the 
translocation st ock parent , and the F 1 of the trans location stock x 
inbred line cross plus 1 2  alternat ing rows of the normal and sugary 
or waxy marked F 2 seed . The fir s t  5-7 plants in each row were eva­
luated for LFW reaction at the seedling stage ; the res t  of the 
plants were lef t  to be evaluated at anthesis . 
Analys i s  of Dat a  
S teps have be e n  des cri bed ( 3 , 2 0 )  in us ing the "gene-linked 
marker" method with the 1-9 interchange stocks . A si gni f i cant ly 
greater expres s i on of the dis eas e among normal F2 p lant s than among 
thos e with the marked endosperm indicated that one or both of the chro­
mosome arms involved in the reciprocal trans location carried the genes 
or genes condi t i oning resi s tance to the diseas e .  In this procedure , 
the variances of the two groups of plants with cont ras t ing endosperm 
characteris t ics were pooled and the standard deviat i on of the mean dif­
ference ca lculated . A one-tai led t-tes t of signi fi cance was conducted 
at the required degrees of freedom for each group . 
22 
RESULTS 
Inbred Evaluat i on Studies 
The lines lis ted  and their  respective reactions to LFW in the 
greenhouse and field are reported in Table 1 .  Mean diseas e reaction 
for the greenhous e study v aried from 0 . 60 ( almos t no infection ) t o  3 . 30 
( severe infect ion ) f or 1982 , and from 0 . 80 to 3 . 30 for 1 983 . In the 
fie ld the range was from 0 . 06 to 2 . 86 ,  and 1 . 0  to 2 . 7 3  for 1982  and 
198 3  respectively . The most  sus cept ible genotypes in the greenhouse 
( averaged over two rat ings ) were A641 and W1 1 7 .  The mo s t  res i s t ant 
were A66 2 , C12 3  and SD18 . In the field the mos t sus ceptible lines 
( averaged over two seas ons ) were A6 3 2 , A634 and W117 . The mos t 
resi s t ant were A66 2  and SD18 . The coeffi cient of correlation between 
greenhouse LFW rat ings and field rat ings for the combined data of 1982 
and 1983  was r = 0 . 68** · 
Inheri t ance Studies  
Frequency dis t ri butions , means , variances and standard 
deviat ions of the LFW rat ings of each populat ion are reported for the 
greenhouse ( Table 2 )  and for the field ( Table 3 ) . The res i s tant 
inbreds A6 6 2  and SD18 had simi lar means , indicating simi lar levels of 
res i s t ance . The deviat ions of F1 means from midparental (MP) values 
were signif i cant ly greater than zero in all but one family  ( SD18 x W117 ) 
i n  both greenhous e  and field in the R x S (A662  x A6 3 2 , A66 2  x W117 , 
SD 18  x A63 2 , SD18 x Wl l 7 )  and the I x S ( A619 x A6 3 2 , A619 x Wl l 7 )  
crosses . The frequency dis t ri bution of Fz popu lat ion in the I x S 
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( A619 x W l l 7 , A61 9  x A6 3 2 )  cros ses in the greenhouse showed trans gressive 
segregation towards res is tance . In the field , trans gres s i ve segrega­
tion was observed in the F2 dis t ri bution of A619 x Wl l 7  onl y .  The 
F1 LFW rat ings all fel l  be tween parental scores . Excep t  for the R x S 
( SD18 x Wl l 7 )  cros s  in the greenhouse ,  F1 rat ings in the field and the 
greenhouse deviated signif i cant ly from the midparental  values in the 
di rection of the res is tant parent . 
Heri t abi lity and gene number es timates in the R x S ( A662 x 
Wl l 7 , A66 2  x A63 2 , SD18 x Wl l 7 , SD18 x A63 2 )  and the I x S ( A619 x 
A632 , A619 x Wl l 7 )  f amilies are reported in Table 4. Broad sens e heri­
t abi l i t ies were moderate to high ( 0 . 5 2  - 0 . 8 0 )  f or the R x S crosses in 
both the greenhouse and field . Broad sense heri t abi li t y  es timates were 
cons iderably lower for the I x S ( A619 x Wl l 7 , A619 x A63 2 )  crosses in 
both environment s .  Es t imates of number of genes involved in the 
inherit ance of res is tance to LFW in the R x S cross es were be tween 2 . 7  
and 5 . 08 . In the two I x S f amilies , es timates were be tween 0 . 7 9 and 
2 . 83 . 
Gene rat ion mean analyses for LFW react ion in the six corn popu­
lat i ons in the greenhous e and field in 1983 are report e d  in Table 5 .  
Addit ive gene ef fects  were hi ghly signif i cant under both greenhouse and 
field condi t ions in all fami lies studied . Dominance gene effects  were 
not significant in the S D18 x Wl l 7  and SD18 x A63 2  cross es in the 
field . In the greenhouse these same two genotypes showed signif icant 
dominance gene ef fects . Dominance gene ef f ects were obs erved for 
the res t of the fami lies in the greenhouse and field . Res i dual effects 
were signif icant in all families except for families SD18 x A63 2 , A61� x 
2 4  
Wl17, A66 2  x A632 in the greenhouse , and A619 x Wl17 i n  the field . 
The percentage of variation in LFW reaction among generations 
means in six populations for ( R2) by fitting genetic effects in the 
weighted regression ana lysis in the greenhouse and field , respectively , 
in 1983 is reported in Table 6 .  In .the R x S crosses , the percentage 
of variation due to additive gene action in the greenhouse varied from 
84 . 8  to 96 . 7 , and from 9 6 .12 to 99 . 09 in the field . Dominance and 
res i dual effects were comparatively much lower . In the I x S ( A619 x 
W117 )  cross , additive gene action accounted for only 40% and 7 8 . 24% in 
the greenhouse and field , respectively . Effects due to dominance were 
cons iderably higher in both greenhouse and field conditions in this 
family . In the I x S ( A619 x A632 ) family the percentage of variation 
due to additive gene action in the greenhouse and fie ld was 81 . 8  and 
20 . 5 2 , respectively . Additive and dominance gene actions in the field 
contributed more or less equally to the total variation , but res idual 
contri butions were high ( 57 .31%) . 
Diallel Analys i s  
Mean L FW  d isease ratings for 4 5  F1 ' s  from a 10-line diallel 
in the greenhouse and field for 1982 and 1983 , respective ly ,  are 
reported in Table 7 .  Greater variabi lity among the hy bri ds was 
observed for greenhouse ratings than for field ratings . The re was 
a strong tendency for progeny of res istant x res i stant crosses to display 
high levels of res istance , progeny of sus ceptible x sus ceptible 
crosses to display low levels of res istance , and progeny from resistant 
x sus cepti ble crosses to display intermediate levels of res istance , 
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res pectively , in all the diallels . This  trend had als o  been observed 
by Linds combe et al. ( 34 ) . Mean squares from the analysis  of vari ance 
revealed highly signif i cant dif ferences in the reaction of the 45 
F1 hybri ds to LFW, in both field and greenhouse condi t ions ( Tables 8 ,  
1 0 ,  1 2 , 1 4 ) . Mean squares from Grif f ing ' s  ( 2 2 )  combining abi lity  
analysis  for greenhouse and field dat a  for 1982  and 1 98 3 , indicate that 
gene ral combining abi li ty ( GCA) e f fects were si gnif i cant in al l experi­
ments , while speci f i c  combining abi li ty ( SCA) effects  were highly 
s ignif i cant in the 1 9 8 3  field experiment onl y .  In the combined analy­
s is of variance for genotypic dif ferences and for GCA and S CA ( Table 
8 )  f or the greenhouse experiments ,  means squares for geno typic dif­
ferences were highly signi ficant . The mean squares for tri als and 
trials x treatment interaction were nons ignif i cant . Mean squares for 
GCA and S CA in the combined analysis were both signif i cant at the 1 %  
level of probabi lit y .  
Means squares of the vari ous sources of vari at i on for the 1 982 
and 1 98 3  combined dat a  of the react ion of the 45 F 1 hybrids  to L FW  in 
the field  are pre s ented in Table 14 . Hi ghly signif icant mean squares 
( P  = 0 . 0 1 ) were no ted for replicat ions within years , years , treatment s 
and the treatment x year interact ions . Mean squares for GCA and S CA 
for the combined field dat a  were both highly signi f i cant . 
The GCA and S CA effects in the reaction of the 45 F 1 ' s  from the 
1 0-line diallel in the greenhouse and field are reported ( Tables 9 ,  11 , 
1 3 , and 15 ) f or separate greenhouse and field experiment s .  Posi t i ve 
GCA values were noted for the inbred lines A634 , A63 2 , W1 1 7 , A66 1 and 
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A619 and negat i ve GCA values were observed for CMIOS , SD24 , SD 1 8 , A662 
and W64A f or the greenhouse experiment s .  In the analysis of 1 982 field 
data , positive GCA values were observed for the lines A634 , A632 , and 
Wl 1 7 .  Negative GCA values were observed for CMIOS , SD24 , SD1 8 , A66 1 , 
A662 , W64A , and A6 19 . In 1983 positive values for GCA were noted for 
A634 , A632 , A66 1 W1 1 7  and A6 1 9 . - The inbred lines CMIOS , SD24 , SD 18 , 
A662 , and W64A had negat i ve GCA values . Under greenhouse and field 
conditions , positive values for the line Wl 1 7  were the highest . The 
GCA effects for the combined greenhouse and field data , respect ively , 
indicate high pos i tive values for A634 , A632 ,  Wl l 7  and A619 . 
In the 1983 g reenhouse dialle l ,  signif icantly posit ive SCA 
effects were not ed for the following crosses: SD24 x S D1 8 , SD 1 8  x W64A 
and A661 x A662 , and signi ficant ly negat i ve SCA ef fec t s  were obse rved 
for the crosses A632 x W64A , CM 1 05 x SD24 , CM 1 05 x S D 1 8 , CM 1 05 x A661 , 
SD24 x A662 , SD24 x W64A , SD 18 x A662 , SD 1 8  x W64A and A66 1 x A6 19 . 
Combining abi lity effects for the combined 1982 and 1983 field 
diallels revealed a signif icant ly negat ive SCA ef fect for the cross 
A634 X W l 1 7 .  
Cytological Locat ion of Fac tors for Resistance to LFW 
The chromosome map of maize  showing the loci of inte rchanges 
( Figure 1 )  and the lis t  of interchanges and their  breakpoint s ( Table 
1 7 )  used in this study to locate genes governing the react ion of maiz e 
to LFW are present ed . The interchanges used in the fina l analysis of 
this study were dis tributed on 14 of the 20 chromosome arms . The long 
arms of chomosome 2 and 9, and the short arm of chromosome 3 are not 
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repres ente d .  The break point on chromosome 7 is  at the cent romere . 
Mean LFW rat ings of the endosperm marked re ciprocal homo zygous 
trans locat ion s t ocks to LFW in the greenhous e and field  for 1982  and 
198 3 are pre s ented in Table 16 . There was a high level of res is tance 
in the trans location stocks . In the greenhous e experiment s ,  onl y  two 
of the stocks ( wxT1-9c ,  wxT4-96 )  had rat ings of up to 2 . 3  ( on a 0-4 
s cale ) in 198 2 .  The highes t rat ing in the 1983 greenhouse experi ment 
was 2 . 0 ( wxT1-9c ,  wxT4-9b , wxT4-9c ) . However ,  in the field experi­
ments , one trans location stock ( wxT7-94 36 3 ) had a rat ing of 2 . 0 in 
198 2 . The overall mean rat ings for both greenhous e and field experi­
ments in 1982  and 198 3  ranged from 0 . 7 44  to 1.17 69 . Summary of the 
mean LFW scores from a field experiment in 1983 of  normal and marked 
endosperm (sus ceptible inbred x trans location )  F2 plant s are pres ent ed 
in Table 18 . Data from crosses involving A634 to each of the 27 
trans location stocks indi cated significant ly greater expres s i on ( P  
0 . 05 )  o f  the dis eas e ( average of 42-45 plants )  among the normal than 
among marked endosperm F2 plants in crosses involving the trans location 
s tocks suT l -4a  and wxT4-9g , and a highly si gnificant ( P  0 . 01)  greater 
disease expre s s i on among normal versus marked endos perm F 2 p lants in 
crosses involving wxT3-9g , suT4-8a , wxT4-9c and wxT9-lOb . With the 
Wl17 tes ter , a highly signif icant greater expres s i on of the diseas e in 
the normal endosperm F2 plant s than in the marked endos perm F2 plant s 
was observed in the cros ses that involved suT4-6a , wxT4-9 c , wxT6-9b and 
wxT8-9 6 6 7 3 • 
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Table 1. Mean LFW rating s (x> of 1 3  maize inbred lines taken 10- 1 2  
days after inoculation in the greenhouse and field 
resp ectively, in 1982 and 1 983 . 
Greenhouse Field 
Inbred 1982 1983 1983 1 983 
X X X X 
1 .  A63 2  2 . 35 - 2 .25 2 . 86 2 . 7 3 
2 .  C 1 2 3  0 . 75 0 . 80 0 . 06 1 . 0 
3 .  W64A 2 . 25 2 . 1 0 1. 86 2 . 06 
4 .  A662 0 . 60 1. 1 0  0 . 3 3 1 . 40 
s. A634 2 . 45 2 . 50 2 . 06 2 . 70 
6 .  A6 19 2 . 25 2 .90 0 . 7 3  2 . 10 
7 .  CM1 05 2 . 25 2. 30 2 .20  1 . 76 
8 .  A64 1  3 . 30 3 . 1 0  1 . 1 3 2 . 70 
9. W1 1 7  3 . 00 3. 30 2 . 53 2 . 50 
1 0 . SD 1 8  1 . 50 1 . 55 0 . 26 1 . 00 
1 1 .  B 1 4A 2 . 75 2 . 70 2 . 00 2 . 00 
1 2. SD24 2 . 75 2 . 70 1 .26 2 . 66 
1 3. A661 1 . 75 2 . 05 0 . 46 1. 4 3  
LSD .OS 0 . 30 7 2  0 . 3030 0 . 3605 0 . 37 7 7  
c.v. 16 . 87 2  15 . 4 398 3 1 . 3826 22. 0 4 1 3  
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Table 2 .  Frequency dis tributions , means , vari ances and standard 
deviat ions of LFW rat ings of mai ze  families inoculated with 
�· nebraskense in the greenhouse ,  1 98 3 . 
Plants  in  each rating clas s a 
8
2 
Fami ll 0 1 2 3 4 N Mean 8 
A66 2  0 30 10 0 0 40 1 . 25 0 . 1 9  0 . 44 
W1 1 7  0 0 0 18 22  40 3 . 55 0 . 25 0 . 50 
F1 0 0 3 1  9 0 40 2 . 23 0 . 1 8 0 . 42 
F2 0 1 1  283 368 1 76  838 2 . 84 0 . 58 0 . 7 6 
MP-F 1
b 0 . 1 7* 
A66 2  0 3 1  9 0 0 40 1 . 23 0 . 1 8 0 . 4 2 
A63 2  0 0 0 1 39 40 3 . 98 0 . 03 0 • .1 6  
F1 0 1 29 10 0 40 2 . 2 3 0 . 23 0 . 48 
F2 0 45  18 1 394 !
'
96 8 1 6  2 . 9 1  0 . 6 7  0 . 8 2 
MP-F1 0 . 3 7 ** 
SD1 8  0 27 1 3  0 0 40 1 . 3 3  0 . 2 3  0 . 47 
W1 1 7  0 0 0 19 21 40 3 . 5 3 0 . 26 0 . 5 1  
F1 0 0 1 5  25 0 40 2 . 6 3  0 . 24 0 . 49 
F2 0 2 294 32 2 126  744 2 . 7 7 0 . 5 2 0 . 7 2 
MP-F 1 -0 . 20** 
SD 1 8  0 29 1 1  0 0 40 1 . 2 8  0 . 20 0 . 4 5  
A63 2  0 0 0 1 39 40 3 . 98 0 . 0 3 0 . 1 6 
F1 0 0 30 10 0 40 2 . 25 0 . 1 9  0 . 44 
F2 0 19  409 283 82 793 2 . 54 0 . 50 0 . 7 1  
MP-F 1 0 . 38** 
A6 1 9  0 0 1 6  20 4 40 2 . 70 0 . 42 0 . 6 5  
W1 1 7  0 0 1 18 21 40 3 . 50 0 . 3 1  0 . 55 
F1 0 0 33  7 0 40 2 . 1 8  0 . 1 5  0 . 38 
F2 0 3 290 425 102 820 2 . 7 6  0 . 44 0 . 66 
MP-F1 0 . 9 2** 
A6 1 9  0 0 1 9  2 1  0 40 2 . 52 0 . 26 0 . 5 1  
A63 2  0 0 0 2 38 40 3 . 95 0 . 05 0 . 22 
F1 0 0 1 1  28 1 40 2 . 7 5 0 . 24 0 . 49 
F2 0 20 259 446 1 15 840 2 . 78 0 . 49 0 . 70 
MP-F1 0 . 4 9** 
aRat ing scale : 0 = no vis i ble symptoms ; 4 = dead ( al l  leaves comple-
t ely wil ted or dri ed ) ;  severe stunting . 
�idparental values minus F1 value . 
* , **Dif ference is stat is ti cally different from z ero at the 0 . 05 ,  and 
0 . 0 1  levels of probabi li ty , respect ively . 
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Table 3 .  Frequency dis t ri but ions , means , variances and s tandard 
deviat i ons of LFW rat ings of maiz e  fami li es inoculated with 
�· nebraskense in the field , 1 983 . 
Plants  in each rating clas s a 
0
2 
Famil� 0 1 2 3 4 N Mean 0 
A66 2  0 35 10 0 0 45 1. 2 2  0 . 18 0 . 42 
W117 0 0 0 7 25 32 3 . 78 0 . 18 0 . 4 2 
F1 0 0 43 21 0 64 2 . 33 0 . 2 2 0 . 47 
F2 0 8 194 261 113 57 6 2 . 8 5  0 . 5 6 0 . 7 5 
MP-F1
b 0 . 1 7** 
A66 2  0 35 14 0 0 49 1 . 2 8  0 . 21 0 . 46 
A6 32 0 0 0 4 29 33 3 . 8 7  0 . 1 1  0 . 33 
F 1 0 0 40 15 0 55 2 . 7 2 0 . 2 0  0 . 45 
F2 0 20 258 180 120 578 2 . 69 0 . 7 0  0 . 84 
MP-F1 0 . 15** 
SD18 0 37 2 0 0 39 1 . 0 5 0 . 05 0 . 2 2 
W11 7  0 0 0 7 25 32 3 . 78 0 . 18 0 . 4 2  
F1 0 0 48 22  0 70 2 . 31 0 . 22 0 . 4 7  
F2 0 137 15 7 15 9 35 488 2 . 18 0 . 86 0 . 93 
MP-F1 0 . 11  
SD18 0 27 10 0 0 37 1 . 2 7  0 . 20 0 . 45 
A63 2  0 0 0 10 30 40 3 .  7 5 0 . 19 0 . 44 
F1 0 2 45  14 0 61 2 . 19 0 . 23 0 . 48  
F2 0 16 300 18 0 100 588 2 . 69 0 . 59 0 . 7 7 
MP-F1 0 . 3 2** 
A619 0 0 12 29 5 46 2 . 84 0 . 3 5 0 . 60 
W11 7  0 0 2 21 21 44 3 . 4 3  0 . 34 0 . 59 
F1 0 0 13 40 9 62 2 . 90 0 . 3 6 0 . 59 
F2 0 4 15 0 335 110 599 2 . 9 2 0 . 46 0 . 67 
MP-F1 0 . 24** 
A6 1 9  0 0 22  18 0 40 2 . 45 0 . 25 0 . 50 
A63 2  0 0 0 11 22 33  3 . 66 0 . 23 0 . 48 
F1 0 0 45 12 2 59 2 . 27 0 . 27 0 . 5 2 
F2 0 0 115 29 5 80 490 2 . 93 0 . 39 0 . 63 
MP-F 1 0 . 79** 
aRat ing scale : 0 = no vis ible symptoms ; 4 = dead ( al l  leaves comple-
t ely wil ted or dri ed ) ; severe stunting . 
�i dparental values minus F1 value . 
* , **Dif ference is stat is t i cally dif ferent from z ero at the 0 . 05 , and 
0 . 0 1  levels of probabi lity , respect ively . 
Table 4 .  Estimates of broad-sense heritabi li ty ( h2 )  and number of 
genes  ( K) governing res is tance to leaf freckles and wilt  
( LFW )  in six  maize  families . 
Families Environment h2 K 
A66 2  X W1 17  Greenhouse . 7 7  3 . 80 
Field . 63 4 . 60 
A66 2  X A63 2  Greenhouse . 7 7  3 . 7 2 
Field • 7 3  3 . 27 
SD18 x W11 7  Greenhouse . 52 4 . 52 
Field . 80 2 . 70 
SD18 x A63 2  Greenhouse • 7 1  5 . 08 
Field . 64 4 . 07 
A6 1 9  x W1 1 7  Greenhouse . 4 7  0 . 79 
Field . 2 1  0 . 92 
A619 X A63 2  Greenhouse . 6 1  1 . 69 
Field . 33 2 . 83 
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Table 5 .  Ana ly s is of variance of mean L FW  react ion of parental lines 
and generat ions af ter art ificial inoculat ion in six maiz e  
fainilies in the greenhouse and field in 1983 .  
Greenhouse 
Source of SD18 X A662 X SD 1 8  x A619 X A662 X A619 X 
Variation d .  f .  W117 W117 A632  W117 A63 2  A632  
Rep . 3 0 . 006  0 . 005  0 . 002 0 . 007 0 . 003  0 . 003 
Generat ions 3 
Addit ive 1 9 . 680** 9 . 680** 14 . 580** 1 . 445** 15 . 125** 4 . 061** 
Dominance 1 0 . 16 2* 1 . 1 6 3** 0 . 3 50** 2 . 108** 0 . 2 24** 0 . 765** 
Resi dual 1 0 . 168* 0 . 571** 0 . 029 0 . 053 0 . 706 0 . 139** 
Error 9 0 . 016 0 . 008 0 . 007  0 . 025  0 . 013 0 . 007 
Field 
Source of SD 1 8  x A66 2  X SD 1 8  x A6 1 9  X A662  X A619 X 
Variation d . f .  W1 1 7  W117 A632 W 1 1 7  A63 2  A632 
Rep . 2 0 . 0 10 0 . 00 2  0 . 003 0 . 00 2  0 . 006* 0 . 004 
Generat ions 3 
Addit ive 1 11 . 20 7** 9 . 7 79** 19 . 226** 0 . 499** 1 0 . 088** 0 . 730** 
Dominance 1 0 . 03 3  0 . 018* 0 . 135 0 . 111* 0 . 156** 0 . 778** 
Res i dual 1 0 . 071* 0 . 3 7 6** 0 . 171* 0 . 028  0 . 1 5 3** 1 . 982** 
Error 6 0 . 011 0 . 003  0 . 029 0 . 0 1 1  0 . 001 0 . 002 
* and ** indicate that the ef fect is significant ly different from z ero 
at the 0 . 05 and 0 . 01 leve ls of probabi lity ,  respec t i ve ly .  
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Table 6 .  Percentage of variat ion in LFW reaction among gene ration 
means of six families accounted for ( R2 ) by fit t ing gene t ic 
effects  with weighted regres sion ana lysis in the greenhouse 
and field respectively , in 1 983 . 
Genet ic effect 
Fami ly Addi tive Dominance Residual 
GHa FDD GH FD GH FD 
A662 X W1 1 7  84 . 80 96-. 1 2 10 . 19 0 . 1 8  5 . 0 1  3 . 70 
A662 X A632 94 . 2 1  97 . 02 1 . 40 1 . 50  4 . 39 1 . 48  
SD 1 8  X W117 96 . 70 99 . 09 1 . 63 0 . 29 1 . 67 0 . 62 
SD 1 8  X A632 9 7 . 46 96 . 80 2. 3 4  1 . 4 1  0 . 20 1 . 7 9  
A619 X Wl 1 7  40 . 0 7  78 . 24 58 . 45 7 . 4 3  1 . 48 4 . 3 3  




Table 7 .  Mean LFW rat ings for 45 F 1 ' s  from a 1 0-line dialle l evaluated 
in the greenhous e and fi eld in 1982  and 1 983 . 
Field 
Cross Greenhouse 1 982 1 98 2  1 983 
1 .  A6 3 2  X A634 2 . 45 2 . 33 3 . 1 0 
2 .  CM105 X A6 34 2 . 10 2 . 00 2 . 06 
3 .  SD24 x A634 2 . 00 2 . 26 2 . 76 
4 .  SD 1 8  x A634 1 . 90 2 . 1 3 2 . 45 
5 .  A66 1  x A634 2 . 30 1 . 5 3  2 . 85 
6 .  A66 2  x A634 2 . 10 1 . 9 3  2 . 6 3  
7 .  W1 1 7  x A634 2 . 65 2 . 4 6  3 . 45 
8 .  W64A x A634 2 . 00 2 . 20 2 . 5 3  
9 .  A6 1 9  X A634 2 . 45 2 . 26 2 . 95 
1 0 . QU OS X A6 3 2  2 . 00 2 . 4 6  2 . 43 
1 1 .  SD24 x A63 2  2 . 30 2 . 2 6 2 . 83  
1 2 .  SD1 8  x A63 2  2 . 1 0 1 . 9 3  2 . 43 
1 3 . A66 1  X A6 32 2 . 1 5 1 . 8 6  2 . 75 
1 4 . A66 2  X A6 32 1 . 90 2 . 06  2 . 08 
1 5 . W1 1 7  X A6 3 2  2 . 70 2 . 70 3 . 5 3 
1 6 . W64A x A6 32 1 . 90 2 . 1 3 2 . 60 
1 7 . A6 1 9  X A6 3 2  2 . 55 2 . 06 3 . 26 
18 . SD24 x CM1 05 1 . 2 5  2 . 1 3 2 . 4 3 
1 9 . SD1 8  x CM1 05 1 . 00 2 . 40 2 . 45 
20 . A66 1  x CM105 1 . 45 1 . 60 2 . 42 
2 1 . A66 2  x CM105  1 . 7 5  1 . 3 3  2 . 1 6  
22 . W1 1 7  x CM1 05 2 . 1 0 2 . 60 2 . 3 3 
23 . W64A x CM105 1 . 90 1 . 4 6  2 . 5 1  
24 . A6 1 9  x CM1 05 2 . 20 1 .  7 3  2 . 60 
25 . SD1 8  x SD24 1 . 6 5  1 . 80 2 . 36 
26 . A66 1  x SD24 2 . 00 1 . 80 2 . 33 
27 . A66 2  x SD24 1 . 05 1 . 5 3  2 . 38 
28 . W1 1 7  x SD24 2 . 00 2 . 06 2 . 6 5 
29 . W64A x SD24 1 . 25  1 . 86  2 . 1 6 
30 . A6 1 9  x SD24 2 . 05 2 . 1 3 2 . 5 3 
3 1 . A66 1  x SD1 8  1 . 7 5 2 . 00 2 . 50 
32 . A66 2  x SD1 8  1 . 00 1 . 2 6  2 . 25 
3 3 . W1 1 7  x SD1 8  1 . 90 2 . 46  2 . 63 
34 . W64A x SD1 8  1 .  7 5  1 . 9 3  2 . 1 3 
35 . A6 1 9  x SD1 8  2 . 00 2 . 06 2 . 23 
3 6 . A66 2  X A66 1  2 . 1 0  1 . 3 3  2 . 46 
37 . W1 1 7  x A6 6 1  2 . 35 2 . 2 6  2 . 80 
38 . W64A x A66 1  1 . 90 2 . 1 3 2 . 6.2 
3 9 . A6 1 9  X A66 1  2 . 1 0 2 . 00  2 . 58 
40 . W1 1 7  x A6 6 2  2 . 00 1 . 8 6  2 . 58 
4 1 . W64A x A6 6 2  1 . 90 1 . 5 3  2 . 00 
4 2 . A6 1 9  X A66 2  2 . 00 1 . 5 3  2 . 26 
43 . W64A x W 1 1 7  2 . 30 2 . 40 2 . 7 0 
44 . A6 1 9  x W 1 1 7  2 . 5 5 2 . 06 3 . 3 2  
45 . A6 1 9  x W64A 2 . 1 0 1 . 80  2 . 33 
Mean 1 . 98 1 . 9 7  2 . 56 
LSD . os 0 . 1 7  0 . 1 4 0 . 05 
c . v .  20 . 38 1 6 . 99 4 . 20 
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Table 8 .  Analysis of vari ance of genotypic differences , gene ral 
combining abi lity ( GCA) and speci f i c  combining abi lity ( SCA) 
among 45 F 1 ' s  from a 10-line di allel evaluated  for LFW reac­
t i on in two separate trials in the greenhouse in 1 982 . 
Source of 
Variat ion d . f .  Mean Square 
Genotypes ( Trt . ) 44 0 . 68 75**a 
gca (p- 1 )  = 9 1 . 6 5 1 2**b 
s ea p ( p-3)/2  = 35 0 . 2 20 7**c 
Trt x Tri als 44 0 . 0 9 7 9  
Error 88 0 . 1 2 7 1 Me 
0 . 0 3 1 8  M ' e 
awas tes ted with Me 
b and c were tes ted with M ' e 
* , ** ef fects were s t at i s t i cally dif ferent from z ero at the 0 . 05 and 
0 . 0 1  levels of probabi lit y ,  res pect ively . 
Table 9 .  GCA (diagonal element s )  and S CA (off-diagonal ) effects for the combined data of the LFW 
react ion of 45 F 1 ' s from a 10-line diallel to LFW in the greenhouse for two tri als in 1 982 . 
A634 A632 CM1 0 5  SD24 SD1 8  A66 1  A662  W1 1 7  W64A A6 1 9  
A634 0 . 27** -0 . 08 0 . 1 1  0 . 09 0 . 05 0 . 07 0 . 1 6  0 . 1 1  -0 . 09 -0 . 24 
--
A632 0 . 28** -0 . 06 0 . 06 0 . 1 3  -0 . 2 1 -0 . 1 7 0 . 04 -0 . 3 2* 0 . 27 
CM105 -0 . 25** -0 . 1 9* -0 . 38* -0 . 3 1* 0 . 28 0 . 03 0 . 28  -0 .03  
SD24 -0 . 28** 0 . 29* 0 . 26 -0 . 40* -o . o4 -0 . 35* -0 . 1 5 
SD1 8  -0 . 34** 0 . 08 -0 . 39 * -0 . 08 0 . 2 1* -o . 3 2  
A66 1  0 . 04 0 . 3 2* -0 . 0 1  -0 . 0 2  -0 . 4 2** 
A662 
--
-0 . 25** -0 . 08 0 . 27 0 . 23  
Wl 1 7  0 . 35** 0 . 08 -0 . 28 
W64A -0 . 09 -0 . 28 
A6 1 9  0 . 50** 
LSD .os (gi-gj ) = 0 . 0 1 , where ( gi-gj ) repres ents difference between two GCA ' s .  
LSD .os ( Sij -Sik) = 0 . 24 , where ( Sij -Sik) repres ents difference between SCA ' s of cros ses with one 
parent in common 
LSD .o5 ( Sij -Skl ) = 0 . 2 2 , where ( Sij -Skl ) repres ents difference between SCA ' s of crosses with no 
parent in common . 
* , ** = indicate values of GCA and SCA are statis tically different from z ero at P = 0 .05  and 0 . 0 1  
levels , respectively . 
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Table 10 . Analysis of vari ance of genotypic differences , general 
and speci f i c  combining abilities ( GCA and S CA) among 
4 5  F 1 ' s  from a 1 0-line di allel in thei r reaction to 
LFW in the field in 1 982 . 
Source of 
Varia tin d . f .  Mean Square 
Replicat i ons 2 0 . 08 36 
Genotypes 44 0 . 4049**a 
gca (p-1) = 9 0 . 45 03**b 
s ea p ( p-3 ) / 2  = 35 0 . 0 45 1  c 
Error 88 0 . 1 1 1 9 Me 
0 . 0 3 7 3 M ' e  
a was tes ted with Me 
b and c tes ted with M' e 
* , ** effects were statis tically dif ferent from z ero at the 0 . 05 and 
0 . 0 1  levels of probabi lity , res pectively . 
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Table 1 1 . GCA (diagonal elements ) and S CA ( off-diagonal ) effects in the reaction of 45 F1 ' s  to LFW 
from a 10-line dialle l in the field in 1982 . 
A634 A632 CM1 05 SD24 SD18  A66 1  A662  Wl 1 7  W64A A6 1 9  
A634 0 . 27** -0 . 1 7 -0 . 1 1  0 . 0 1  -0 . 0 1  0 . 3 2  0 . 1 1  0 . 1 7 o . oo 0 . 03 
A632 0 . 23* 0 . 39* 0 . 05 -0 . 1 8 -0 . 3 1 0 . 28 0 . 1 1  -0 . 0 3  -0 .13  
--
CM105 -0 . 15* 0 . 30 -0 . 3 2  -0 . 1 9 0 . 06 0 . 39* -0 . 3 2  -0 . 07 
SD24 -0 . 0 1 -0 . 06 -0 . 1 3 -0 . 00 -0 . 29 -0 . 06 0 . 1 9 
SD18  -0 . 1 2 0 . 1 8 -0 . 1 7 0 . 2 2  0 . 1 2 0 . 22  
A66 1  -0 . 05 -0 . 1 6 -0 . 05 0 . 25 0 . 09 --
A662  -0 . 45** -0 . 05 0 . 04  0 . 02  
Wl l 7  0 . 37** 0 . 10  -0 . 26 
W64A -0 . 06 -0 . 09 
A6 19 -0 . 04 
LSD .os (gi-gj ) = 0 . 19 , where ( gi-gj ) repres ents di fference between two GCA ' s .  
LSD .os ( Sij -Sik) = 0 .55 ,  where ( Sij -sik ) repres ents di fference between SCA ' s of cros ses with one 
parent in common 
LSD .os ( Sij -Skl ) = 0 .5 1 , where ( Sij -Skl ) repres ents difference between SCA ' s of cros ses with no 
parent in common . 
* , ** = indicate values of GCA and SCA are stat is tically different from z ero at P 
levels , respectively . 
0. 05 and 0 . 0 1  
w 
00 
Table 12 . Analysis  of vari ance of genotypic dif ferences , general · 
and specif i c  combining abilities ( GCA and S CA)  among 
45 F 1 ' s  from a 10-line di allel in thei r  react ion to 
LFW in the field in 1983 . 
Source of 
Variati on d . f .  Mean Square 
Replicat ions 2 0 . 0479** 
Genotypes 44 0 . 59 84**a 
gca (p-1) = 9 0 . 4 10 4**b 
s ea p ( p-3 ) / 2  = 35 0 . 05 2 1**c 
Error 88 0 . 0116 Me 
0 . 0039  M ' e  
a was tes ted with Me 
b and c tes ted with M ' e 
* , ** effects were statis t i cally dif ferent from z ero at the 0 . 05 and 
0 . 01 levels of probabili t y , respect ively . 
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Table 1 3 . GCA ( diagonal elements )  and SCA ( off-diagonal)  effects in the react ion of 45 F 1 ' s  to LFW 





SD1 8  
A66 1  
A662 




0 . 2 1** 
A632 
0 . 08 
0 . 24** 
CM1 05 SD24 
0 . 5 1** 0 . 06 
-0 . 1 6** 0 . 1 7  
-0 . 2 1** 0 . 1 6** 
-0 . 08** 
SD1 8  A66 1  A662 
0 . 1 2* 0 . 04 0 . 1 4* 
-0 . 1 7** -0 . 08 -0 .44** 
0 . 30** 0 . 04 0 . 09 
0 . 08 -0 . 1 8** 0 . 1 8** 
-0 . 2 1** 0 . 1 1* 0 . 1 8** 
0 . 03 0 . 1 5** 
-0 . 28** 
LSD .o5 (gi-gj ) = 0 . 06 , where ( gi-gj ) repres ents  difference between two GCA ' s .  
W 1 1 7  W64A A6 1 9  
0 . 3 1** 0 . 06 0 . 05 
0 . 36** -0 .02  0 . 33** 
-0 . 39** 0 . 34** 0 . 1 2* 
-0 . 20** -0 . 1 4* -o . o8 
-0 . 09 -0 . 0 4  -0 . 25** 
-0 . 1 6** 0 . 2 1** -o . 1 4* 
-o .06  -0 . 09 -0 . 1 4 
0 . 36** -o . o4 0 . 27** 
-0 . 1 9** -o . 1 7** 
--
0 . 1 2** 
LSD .o5 ( Sij -Sik) = 0 . 1 6 , where ( Sij -Sik) represents difference between SCA' s of cros ses with one 
parent in common 
LSD .o5 ( Sij -Skl ) = 0 . 1 5 , where ( Sij -Skl ) repres ents difference between SCA' s of cros ses with no 
parent in common . 
* , ** = indicate values of GCA and SCA are statistically different from z ero at P 
levels , respectively . 
0 .05  and 0 . 0 1  
� 
0 
Table 1 4 . Analys is of vari ance of genotypic dif ferences , general 
and specif i c  combining abilities ( GCA and S CA )  f or the 
combined dat a  of the reaction of 45 F 1 ' s  to LFW from a 
1 0-line diallel in the field in 1 9 8 2  and 1 9 83 .  
Source of 
Variation d . f .  Mean Square 
Reps with Years Y ( r- 1 ) 4 1 . 1 58 6** 
Years ( Y- 1 )  1 20 . 8 1 1 1** 
Treatment ( t- 1 )  44 0 . 6 06 8**a 
gca (p- 1 ) 9 3 .339 0**b 
s ea p ( p-3) / 2  35 1 . 7 79 2**C 
Trt x Yrs ( t- 1 ) (  - 1 )  4 4  0 . 1 897** 
Error Y ( r-1 ) ( t - 1 ) 1 7 6 0 . 08 8 7  Me 
0 . 02 9 5  M ' e 
a was tes ted with Me 
b and c t es ted with M ' e 
* , ** effects  were stat i s t i cally different from z ero at the 0 . 05  and 
0 . 0 1  level of probabi lity , respect ively . 
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Table 15 . GCA (diagonal elements )  and SCA (off-diagonal ) effects for the combined data of the reac­
tion of 45 F 1 ' s from a 10-line diallel to LFW in the field in 1982 and 1983 . 
A634 A632 CM105 SD24 SD18 A66 1  A662  W117 W64A A6 1 9  
A634 0 . 22** -0 .02 -0 . 28 0 . 06 -0 .04  0 . 22  0 . 1 6 -0 . 34* -o . 0 1  0 . 24 
--
A632 0 . 25** 0 . 10 0 . 06 -0 . 1 8 -0 . 20 -0 . 08 0 . 28 -0 .04  0 . 07  
CM105 -0 . 1 7** 0 . 2 2 -0 .03  -0 . 07 0 . 02 0 . 05 o . oo -0 . 0 1  
SD24 -0 . 04 -0 .00 -0 . 1 6 0 . 09 -0 . 1 9 -0 . 1 1  0 . 02  
SD18  -0 . 1 5** 0 . 1 5  0 . 0 1  0 . 1 2 0 . 0 3  -0 . 05 
A66 1  -0 . 0 1 -0 . 09 -0 . 04 -0 .23  -0 . 04 
A662 -0 . 37** o . oo -0 . 02 -0 . 09 
--
W1 1 7  0 . 3 1** 0 . 08 -0 . 03 
W64A -0 . 1 1  -0 . 1 7  
A6 19 0 . 07 
LSD.o5 (gi-gj ) = 0 . 1 7 , where ( gi-gj ) represents difference between two GCA ' s .  
LSD .o5 ( Sij -Sik) = 0 . 45 , where ( Sij -Sik) represents difference between SCA' s of cros ses with one 
parent in common 
LSD .o5 ( Sij -Skl ) = 0 . 42 , where ( Sij -Skl ) represents dif ference between SCA' s of cros ses with no 
parent in common . 
* , ** = indicate values of GCA and SCA are sta� is tically different from zero at P = 0.05  and 0 .0 1  




Table 16 . Mean LFW rat ings of the react ion of homo zygous reciprocal 
t rans lo cati on stocks in the greenhous e and field in 1982  
and 1 9 83 .  
Greenhouse* Field** 
Stock 1982 1 983 1 9 8 2  1 983  
1 .  suT 1 -4a 0 . 8  1 .0 0 . 6  0 . 8  
2 .  wxT1-9c 2 .3 2 . 0 1 . 8  1 . 6 
3 .  wxT1-94995  1 . 2  0 . 9 0 . 8  1 . 0 
4 .  wxT2-9b 1 . 4  1 . 6  1 . 0  1 . 4 
5 .  wxT3-9c 0 . 9  1 . 2  0 . 2  0 . 2  
6 .  wxT3-9g 1 . 4  0 . 8 0 . 4 0 . 6  
7 .  suT4-5j 0 . 7  0 . 6  0 . 6  0 . 8  
8 .  suT4-6a 0 . 9  1 . 0  0 . 2 0 . 4  
9 .  suT4-8a 1 .3 1 . 2 . 2  0 . 2 
1 0 . wxT4-9b 2 .3 2 . 0 0 . 2  0 . 6  
1 1 .  wxT4-9c 2 . 0 2 . 0 1 . 2 1 . 0 
1 2 .  wxT4-9g 1 . 2  1 . 5 1 . 8 1 . 4 
13 . wxT4-95 6 5 7  1 . 5 0 . 9 1 . 4  1 . 0 
14 . wxT5-9 a  0 . 6  0 . 8  
15 . wxT5-9 c 1 . 1  1 . 0  0 . 8 
16 . wxT5-9 48 1 7  1 . 1  0 . 8 0 . 2  0 . 4 
17 . wxT6-9a 2 . 1  1 . 8 1 . 2 0 . 8 
18 . wxT6-9b 0 . 8  1 . 0 0 . 4  0 . 6 
1 9 . wxT6-945 05 0 . 6  0 . 8 0 . 2  0 . 6  
20 . wxT6-9 6019 1 . 2  1 . 4  0 . 6  0 . 4 
21 . wxT7-94363 0 . 6 0 . 6  2 . 0  1 . 6  
2 2 . wxT8-9d 1 .3 1 . 0  0 . 2  0 . 4 
23 . wxT8-94643  0 . 6 0 . 8  1 . 4  0 . 8  
24 . wxT8-947 13 0 . 6 0 . 4  0 . 2 0 . 2 
25 . wxT8-9 667 3 1 . 0 0 . 8  0 . 8  0 . 8  
26 . wxT8-9 69 2 1  0 . 6  0 . 8  0 . 6  0 . 4  
2 7 . wxT9-10b 1 . 1  1 . 0  0 . 4  0 . 8 
X 1 .38 1 . 09  0 . 7 4 0 . 7 6 
LSD . o5  0 . 31 0 . 25 0 . 34 0 . 22  
c. v .  7 7 .08  41 . 55 7 7 . 41 52 . 60 
*Average of 10 plant s in 2 repetit ions . 
**Average of 15 plant s in 3 replications . 
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Table 1 7 . Homozygous reciproca l trans loca tion stocks used in L FW  
s tudy together with posi t ions of the breakpoints . Int er­
changes are in a Ml 4 or W23 inbred line background and have 
at  leas t S-6 backcrosses to the recurrent plant . 
Translocations ( R )  
1 .  suT l -4a 
2 .  wxTl -9c 
3 .  wxT l -94995 
4 .  wxT2-9b 
5 .  wxT3-9c 
6 .  wxT3-9g 
7 .  suT4-5j  
8 .  suT4-6a 
9 .  suT4-8a 
1 0 .  wxT4-9b 
1 1 .  wxT4-9c 
1 2 .  wxT4-9g 
1 3 .  wxT4-95657 
1 4 . wxT5-9a 
1 5 .  wxT5-9c 
1 6 .  wxTS-948 1 7  
1 7 .  wxT6-9a 
1 8 . wxT6-9b 
19 . wxT6-94505 
20 . wxT6-96019  
2 1 .  wxT7-94363  
22 . wxT8-9d 
23 . wxTS-94643 
24 . wxTS-94 7 1 3 
25 . wxT8-9667 3 
26 . wxTS-9692 1  
27 . wxT9- 10b 
R = res is tant 
S = susceptible 
Position of Breaks 
1 L  
1 S  












. 5 1  
. 48  
. 1 9 
- . 1 8 
. 09 
.40  
. 2 1 
. 3 7  
. 59 
.90 
. 5 3  
. 2 7  
. 3 3  
. 69 
5S . 07 
SL .09 
6S • 79 
6L . 1 0 
6L . 1 3 





















. 1 9 
Tes ter ( S )  








































X = indicates a cross between a tes ter and the trans locat ion stock. 
indicates crosses that were not made . 
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Table 18 . Summary of mean LFW scores of normal and marked endosperm 
( t rans locat ion x sus cept ible inbred )  F2 plants  in the 
f ield in 1983 . 
Translocati on 
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 . 
1 1 .  
1 2 . 
1 3 .  
1 4 . 
1 5 . 
1 6 . 
1 7 . 
18 . 
1 9 . 
20 . 
2 1 . 
2 2 . 
2 3 . 
24 . 
2 5 . 
2 6 . 
2 7 . 
suT 1 -4a 
wxT1 -9 c  










wxT4-9 56 57 
wxT5-9a 
wxT5-9c 




wxT6-9 60 1 9  
wxT7-9 436 3 
wxT8-9d 
wxT8-94643  
wxT8-9 47 1 3  
wxT8-9 667 3 
wxT8-9 69 2 1  
wxT9-10b  
A634  
Normal,  Marked§ 
2 . 1 1 90 
2 . 5 000  
1 . 8 444 
2 . 0 46 5 
2 . 2 92 7  
2 . 0 238 
3 . 0 238 
1 . 4 3 1 8  
2 . 88 3 7  
2 . 7 56 1  
2 . 5 238 
2 . 5 238 
1 . 7850  
2 . 1 59 1  
2 . 4444 
2 . 3 953 
2 . 6 364  
2 . 1 8 1 8  
2 . 30 2 3  
2 . 3 1 37  
1 . 9545  
1 . 6 667  
2 . 2439  
1 . 8809 
2 . 2 3 26 
1 . 7045 
1 . 7 6 1 9  
2 . 46 5 1  
1 . 45 45 
2 . 409 1 
2 . 2826 
2 . 5 348 
3 . 3 947 
1 . 8484 
1 . 9535  
2 . 69 7 7  
2 . 2 7 9 1  
2 � 3809 
2 . 1 4 2 9  
2 . 0698 
2 . 0 465  
1 . 3 7 2 1  
Diff . 
0 . 45 2 3* 
0 . 2 56 1 
-0 . 0365  
-0 . 1 86 1 
0 . 5882** 
0 . 26 1 9  
0 . 558 7**  
-0 . 0227  
0 . 4 7 4 6** 
0 . 4 7 35* 
0 . 00 1 0  
-0 . 8 709 
-0 . 0589 
0 . 2056 
-0 . 2 533  
0 . 1 1 6 2  
0 . 2555  
0 . 0389 
0 . 2 3 25 
0 . 2 7 06 
0 . 5824** 
W 1 1 7  
Normal ,  Marked §  
2 . 3 9 5 3  
1 . 9 548 
2 . 1 904 
1 . 6 7 4 4  
2 . 5 58 1 
2 . 3 1 1 1  
2 . 1 36 4  
2 . 68 18 
1 . 4884 
2 . 37 2 1  
2 . 1 36 4  
1 . 837 2 
2 . 5 1 1 6 
1 . 7857  
2 . 1 59 1  
1 . 7 6 1 9  
2 . 9 534 
1 . 7895  
2 . 8095  
1 . 95 24 
1 . 909 1 
1 . 4078  
1 . 5 238 
2 . 2 2 7 3  
2 . 6 364  
2 . 1 1 6 3  
1 . 39 53 
2 . 09 30 
1 . 9302  
1 . 9069 
2 . 09 5 2  
1 . 8 33 3  
1 . 89 36 
2 . 3 256  
2 . 4 3 1 8  
1 . 8484  
, Subplots  planted with dominant seed clas ses ( Su or  Wx) 
§ Subplots  planted with  reces sive seed class es ( su or  wx)  
Diff . 
-0 . 4 14 2  
0 . 0024 
0 . 28 1 3 
0 . 2 6 66 
1 . 0 34 3** 
0 . 0838 
-0 . 5000 
0 . 56 5 5** 
0 . 09 3 1  
0 . 2 7 9 1 
0 . 206 2 
-0 . 0697  
0 . 4 1 64** 
-0 . 047 6 
0 . 26 55 
-0 . 5637  
0 . 5 2 1 6** 
-0 . 0 589  
* , ** Signif i cant ly g reater expres s i on of the dis eas e in normal endosperm 
F2 plant s at the 0 . 0 1  and 0 . 05 levels of probabil i t y , respect ively.  
Figure 1 .  Chromos ome Map of Mai z e  Showing the Loci of Inte rchanges * Us ed in the S tudy to Loca te the 
Genes Governing the Rea c t i on of Mai z e  to Leaf Fre ckles and Wi l t  Inci t e d  by C .  nebraskens e 
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Evaluation of  Inbred Lines 
The signi f icant genotypic dif ferences among inbreds and 
F1 hybri ds observed in this  study confirm res ults from other studies 
( 1 8 ,  4 2 ) . The res i s t ant reaction of inbred lines A66 2 ,  C l 2 3 , and SD18  
observed in  this study has been reported in studies ( unpublished ) con­
ducted by the University  of Nebraska from 1 9 7 7- 1 9 7 9 . The sus cept ible 
react ion of inbred lines A6 3 2 , A634 and W1 1 7  to the �· nebraskense 
reported in the above studies was also  conf i rmed in this  study � The 
inbred lines CM1 05 , SD24 , W64A and A66 1  disp layed an intermediate  reac­
tion to �· nebraskense conf i rming res ults of other studies ( 5 ) . 
However ,  A6 1 9 , rat ed as intermediate in this study , was class i f i ed as 
sus ceptible by Calub et al. ( 5 ) . 
Inheritance of  Res is tance to  LFW 
F 1 evaluat ions from crosses involving res is tant , intermediate 
and sus ceptible parent s sugges ted that additive gene act i on is 
important in the inheri tance of res is tance / sus cept ibi lity  to LFW. This 
was indi cated by the fact that the F 1 rat ings of res i s t ant x sus cep­
t ible cross es usually gave values that fell  between two parental 
values . Also , res is tant x res is tant crosses tended to be res is tant and 
sus ceptible x sus ceptible crosses tended to be sus ce p ti ble . 
The importance of addit ive genetic  eff ects was su bs tant iat ed by 
the analysis of gene rat ion means ( Table 5 ) . Five parents were involved 
in the gene rat ion mean analysis : two res is tant ( A6 6 2 , SD 1 8 )  parents , 
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one intermediate ( A6 1 9 ) , and two sus ceptible ( A6 3 2 , W1 1 7 )  p arents . In 
the six fami lies studied , fixed models were cons idere d , i . e .  int erpre­
tat ions of the data were made for these speci f i c  parents since the 
parental s t rains were not randomly chosen to repres ent a par t icular 
population ,  but were selected purely on their react i on to L FW .  Results 
indicated that res is tance to LFW in the corn populations studied was 
mos t ly additive in inheritance with import ant dominance ef fects in some 
populat ions . Thes e findings are similar to the results  others have 
obtained us ing generat i on means analyses to study the quant itative 
inherit ance of dis eas e res is tance ( 1 1 ,  1 2 ,  2 7 , 3 1 ) . Thi s  study indi­
cated that partial dominance may als o  be important in L FW  res i s tance . 
The heri t abi lity es timates obtained ( Table 4 )  were relat ively high in 
the res i s t ant x sus ce pt ible cros ses and , as expected , somewhat lower 
for the intermediate x sus cept ible cros ses . Total vari abi lity  in the 
F2 populat ion would be higher for a wide cross  ( R  x S )  than for a newer 
cross ( 1  x S ) . Heri t abi li ty values tended to be high in the 
F2 populat ions derived from a wide cros s and low for F2 populat ions 
derived from parents of simi lar genotype . Also , these  heritabi lity 
es t imates reflect the inf luence of the environment on the trai t as evi­
denced by the fact that generally lower heritabi lity values were 
obtained in the field than in the greenhous e .  Addit ionally , the 
dis t ri bution of alleles between the mo s t  res is tant and mo s t  sus ceptible 
parent lines was nearly is odirectional , and genetic  expectat i ons of the 
means of parent s , F1 and F2 generat ions were in confirmit y  with an 
addit ive gene act ion in the inheri tance of resis tance to L FW .  
49 
Certain assump tions underlie the es timat ion of heri t ability  in 
gene t i c  materi al . Mather and Jinks ( 36 )  p ointed out that normal 
Mendelian segregation of alleles , the absence of factors that change 
gene. frequencies ( s election favoring certain gametes , mutation , migra­
t i on and meio t i c  dri f t ) are usually as sumed in all quantitat ive genetic  
models . Addit i onally , the dis t ribution of alle les be tween the mos t 
res i s t ant and mos t  sus ceptible parent lines was nearly is odirect ional 
in the res i s tant x sus cept ible cros ses . In su ch cas es the gene t i c  
expectations o f  the means of parents , F l  and F2 gene ra t i ons were in 
conformity with an additive gene act ion in the inherit ance of 
res is tance to LFW. The transgressive segregat ion observed in the Fz 
for the crosses of intermediate x sus ce pt ible inbred lines does indi­
cate that the genes for dis eas e react ion in each of  the inbreds 
involved in these crosses were not is odirectionally dis t ri buted in both 
parents and re combinat ion in the F2 produced plant s that were more 
ext reme than the intermediate parent . 
An exce llent fi t to the addit i ve mode l was obt ained for 
all the res i s tant x sus ceptible crosses , indicating a relat ively 
ins ignif icant exis tence of dominance and · res idual epis tatic  effects in 
these  fami lies . The percent age of variat ion in the L FW  reaction among 
generat ion means of six populations for ( R2 ) by fi t t ing genetic  effects 
in the weighted regression analysis in the greenhouse and field in 1 983  
( Table 6 )  indicated that addit ive genetic  ef fects were predominant over 
non-addit ive effects in the populations involving res is tant x sus cep­
t i ble inbred parent s .  The es timates of the numbe r  of genes sugges t 
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that res i s tance to LFW is quant itat i vely inheri ted . As pointed out by 
Blanco et al . ( 2 ) , the number of genes would be underes timated if 
the formulae ' s  as sumpt i ons are not fulfi lle d .  Two of thes e as sumptions 
are that there is no dominance and there is no epis tas i s . This  study 
indicates that more than two genes , and as many as five genes , may be 
involved in conferring res is tance to LFW. The es timates of gene numbers 
may have been bi as ed due to significant dominance ef fects  in all the 
s ix fami lies studied in the greenhouse and in all but two fami lies 
( SD 1 8  x Wl l 7 , SD 1 8  x A63 2 )  i n  the field ; and signif icant res idual 
( epis tat i c )  e ffects in three ( SD 1 8  x Wl l 7 , A6 6 2  x W1 1 7 , and A6 1 9  x 
A632 )  f ami lies in the greenhouse and in all but one family ( A6 1 9 x 
W1 1 7 )  i n  the field . 
Diallel Cross Analysis  
Several assumpt ions mus t  be met for valid  diallel cross  analyses 
( 25 ) . Three of these assumpt ions mus t be valid without tes t ing : 1 )  
dis omi c inheri t ance - Zea mays is dip loi d ;  2 )  h omozygous parents 
inbred corn lines ( F  = 0 . 99 )  were us ed , and 3 )  no reciprocal 
diff erences - the involvement of cytoplasmic factors  in the inheri tance 
of res i s t ance to bacterial dis eas es in corn has not been reported . The 
vali dity of addi t ional as sumpt ions of 4 )  no epi s t as is , 5 )  no mult iple 
alleles , and 6 )  i ndependent gene dis t ribution were not tes ted in this 
s tudy . However data from generat ion mean analyses indi cated that 
epis tatic  effects  were nons igni f i cant relative to the other genetic  
component s .  
General combining abi lity  ( GCA) ef fects quant itat ively measure 
5 1  
the comparat ive performance of parent s ( or cross  comb inat i ons ) i n  rela­
t i on to one _ another ( 3 7 ) . The inbred lines A634 , A63 2 , Wl l 7  and A6 1 9  
proved t o  be poor general combiners for res istance t o  L FW  in all the 
greenhouse and field diallels  for two years ; whereas inbred lines SD1 8 , _ 
A66 2 , CM1 05 , W64A and SD24 proved to be good general combiners for 
diseas e  res i s t ance to LFW as r�f lected in their  negati ve G CA values . 
The speci f i c  combining ability  ( SCA) effects ref lect  deviat ions of per­
formance of a cross combinat ion from its expected performance ( bas ed on 
the GCA e ffects ) .  The predominance of the GCA mean squares over that 
of SCA mean squares in this  study sugges ts that add i ti ve gene act ion is 
more important for LFW res istance than non-addit ive gene act i on .  If 
dominance were in operati on in these  cros ses , the F1 values would be 
neare r to the dominant parent and thereby would show high SCA ef fects . 
If bo th parents be longed to the same group , the F 1 ' s  would be nearer to 
the midparental value result ing in low SCA ef fects depending on the 
nature of modifying genes ( 48 ) . 
Crosses be tween good general combiners for LFW resi s tance did 
not always result  in good F 1 combinat ions . Similarly , crosses be tween 
poor gene ral combiners did not always result in poor F 1 combinat ions . 
This was revealed from the analyses of the combined dat a  from the 
diallels for 1 982  and 1983  in the field and greenhouse ,  res pect ively 
( Tables 8 ,  1 4 ) . For example in the field , the cross A634  x Wl l 7  
involving both sus ce ptible inbreds , each with a very high posi t ive GCA 
eff ect  for LFW resi s t ance gave a negative SCA value of -0 . 3 14 6 . This 
value deviat ed signif icant ly ( P  = 0 . 05 )  f rom the expected performance 
5 2  
of  thi s  cross combinat ion based on the GCA e ffects  of thes e  two 
i nbreds . Simi larly in the greenhouse di allel the cro s s  A66 1  x A6 1 9  
involving an intermediate and a intermediate inbred ,  res pect ively , gave 
a highly negat ive value ( -0 . 4 1 9 ) , which again deviated very signifi­
cant ly ( P  = 0 . 0 1 ) f rom the expected performance of  thi s  cross bas ed on 
the GCA effects  ( bo th pos i t ive )_ of  thes e  two inbreds . 
Factors for  LFW Res i s t ance in the Trans location Stocks Tested With 
Inbred Line A634 
The short arm of chromosome 4 carries a factor ( s )  f or L FW 
res i s t ance as evidenced by the significant ly greater expre s s i on of L FW 
in normal versus marked ( su or wx) p lants in the Fz p opulations 
involving the suT1-4a , wxT4-9a , wxT4-9c , and wxT4-9g trans locations . 
On the long arm of chromosome 1 the int erchanges T 1 -94 398 and 
T1 -949 9 7  in close  proximity t o  suTl -4a were not tes ted since they were 
not marked . The long arm of chromosome 8 is probably not involved with 
LFW resi s t ance be caus e the interchanges wxT8-9d and wxT8-966 7 3 . located 
c lose  to interchange suT4-8a did not show a signi f i cant ly more dis eas e 
expres s i on on the normal than marked endosperm Fz p lant s . The short 
arm of chromos ome 9 does not carry the gene or blo ck of genes for LFW 
res is tance . If it did ,  then all the int erchange loci involving the 
waxy lo cus on chromos ome 9 wil l  be as s oci ated with dis eas e res is tance . 
The long arm of chromos ome 3 may carry genes for L FW resis tance 
as evidenced by the fact that signif i cant ly greater  dis eas e was 
observed in the normal than in the marked endosperm p lants in the Fz 
population involving the int erchange wxT3-9g. 
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The short arm of chromosome 10  carri es a fac t or ( s ) f or L FW 
res is tance be cause a signif icant ly greater expre s s i on of the diseas e 
was observed in the normal than the marked endosperm F z plants in the 
populat ion involving the int erchange wxT9-10b . 
Factors for  LFW Res i s tance in  the Translocations Tes t ed wi th the Inbred 
Line Wl l 7  
The short arm of chromos ome 4 carries a gene or blo ck of genes 
for LFW res is t ance . The evidence for this is the obs erved signif i­
cant ly greate r  expre s s i on of the diseas e in the normal than marked 
endosperm F z plant s in the populations involving the interchange 
wxT4-9c .  
The long arm of chromos ome 4 and/ or a region on the long arm of 
chromos ome 6 are probably involved as evidenced by the significant ly 
greater dis eas e in the normal versus marked endosperm ' plant s in the Fz 
populat ion involving the trans location suT4-6a . This int erchange was 
s i tuated ext remely close  to wxT4-9s657  and suT l-4d breakpoints on the 
long arm of chromosome 4 whi ch were not tes ted . On the long arm of 
chromos ome 6 the interchange wxT6-960 1 9  located some dis t ance from 
suT4-6a was found not to be involved with L FW res is tance . 
A region on the long arm of chromosome 6 proximal to the cent ro­
mere may carry a factor for LFW res is tance as evidenced by the signifi­
cant ly greater expression of the diseas e in normal versus marked 
endosperm plants in the Fz populat ion involving the interchange 
wxT6-9b .  As stated earlier the breakpoint on the waxy lo cus on chromo­
some 9 is not involved with L FW res is tance . 
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The long arm of chromosome 8 carries a gene ( s )  f or L FW 
res is tance . Signif i cant ly more disease  was observed in the normal than 
marked endosp erm p lant s  in the F2 populat ion involving the int erchange 
wxT8-96 6 7 3 • 
It  may be concluded that when the trans location stocks were 
t es ted with the sus cept i ble inbred A634 , factors for resis tance to LFW 
were lo cated on the long arm of chromos ome 3 ,  the short arm of chromo­
s ome 4 ,  and on the short arm of chromos ome 10 . When tes ted with the 
sus ceptible inbred W l l 7 , factors for res istance to LFW were located on 
the short arm of chromosome 4 ,  the long arm of chromos ome 6 ,  the . long 
arm of chromos ome 8 ,  and pos s ibly the long arm of chromosome 4 .  
A minimum of 3-6 maj or genes condit i on res i s t ance t o  LFW ,  with 
the poss i ble involvement of genes of minor or modifying eff ects not 
detected in the s tudy . Furthermore , it does appear from the analyses 
of the trans location tes t crosses in this  study that dif ferent inbreds 
have dif f erent genes for sus ceptibi lity to L FW.  However ,  a more 
comprehensive and adequate tes ting is required  to clari fy this 
observat ion .  
Cytogene t i cs methods have been us ed extensively to study econo­
mi c characters in corn breeding. Recip rocal homozygous chromos omal 
t rans location st ocks are a valuable tool in the study of inheri tance of 
both qualit at ive and quant i t at ive trait s  in corn ( 20 ) . Chromosomal 
. t rans locat i on s tudies can provide useful informati on about numbers of 
genes or blocks of genes involved in cont rolling the trai t , the chromo-
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somes carrying such genes and their  location relative to the cent ro­
mere , and the relat ive magni tude of the ef fects of thes e  genes . Many 
techni ques have been developed and applied in mai ze because of its 
favorable pachytene cytology . These methods include ( 3 ) : multip le 
market gene t i c  stocks , deficiencies , chromos omal inversions and tri s o­
mies , and chromosomal int erchanges . The superi ori t y  of chromosomal 
int erchanges over the other methods lies in the fact that the 
int erchange its elf usually does not affect the expres s i on of the 
character under study . This method has been us ed in mai ze to locate 
genes for : smu t  res i s tance ( 4 , 3 9 , 40 ) ;  res istance to the European 
corn borer ( 28 ) ; res is tance to leaf blight ( 30 ) ; res i s t ance to maize 
dwar f mos ai c ( 1 8 ,  4 6 , 47 ) ;  res is tance to  Diplodia maydi s  in mai ze ( 1 7 ) ;  
and res i s t ance to anthracnose stalk rot ( 13 ) . In the present study 
data from F z plants of resis tant trans location x sus cept ible inbred 
( W1 1 7 ,  A634 ) crosses were us ed to cytologically lo cat e  genes that con­
dit i on LFW react i on in corn inbred lines . 
The us e of reciprocal trans locati ons to locate  chromosome arms 
carrying genes for L FW res is tance in the trans locat ion stocks has 
several limi t at ions . The set of trans location stocks used did not ade­
quat e ly cover the ent ire corn genome as di s cus sed ear lier . Some chro­
mosome arms were repres ented by two or more breakpoint s in the set .  
Chromosome 9 was more than adequately repres ented  in the set since mos t 
of the trans locat ions involved chromos ome 9 .  Anothe r  poss ible limit a­
t i on was that not all the trans loca tion stocks had been backcros s ed an 
equal number of times to the recurrent parent . The reduct ion in 
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chasmata near the trans lo cation breakpoint , however , would make the 
development of is ogeni c trans locat ion s tocks impos s i ble . El-Rouby and 
Rus sel ( 1 7 )  have dis cus sed three types of genes that can be detected by 
the reciprocal trans locat ion te chnique : Type 1 - genes whose effect is 
small and that are so close  to the breakpoint that crossing ove r  is 
relat ively inf requent ; Type 2 -genes of maj or  effect  and located some 
dis tance from the breakage point so that crossing over does  occur , but 
is signif icantly les s  than 50% ; Type 3 - genes of maj or ef fect that are 
located clos e  to the trans locat ion breakage point so tha t  cros sing over 
i s  inf requent . 
Types 1 and 2 would give only small dif ferences between marked 
endosperm and normal endosperm F2 plants for LFW react ions and the con­
s is tency of their  detection would be aff ected by environment . Type 3 
genes would give large and cons is tent differences between the two cate­
gories of plant s for LFW react ion . In this study , the dif ferences for 
mean LFW rat ing where signif i cant , were simultaneous ly large , con­
s is tent and did not vary widely . This  was probably caused by genes of 
maj or ef f ect  and located relat ively close to the breakage point . 
El-Rouby and Rus sel ( 1 7 ) , however ,  observed a wide range among the dif­
ferences in thei r study where si gnificance was de tected . For these 
reas ons , gene number es t imates of LFW res is tance in this study are 
underes t imat es . 
Data from this trans location experiment corroborates the fin­
dings of another experiment of this  study whi ch indi cated predominant ly 
additive gene act i on in the inheri tance of res i s t ance to L FW ,  with par-
57  
t ial  dominance for  res is t ance . It should be re lat ively eas y to 
trans f er this res is tance to sus ceptible inbred lines by the 
backcross ing technique us ing artificial inoculat i on in the succe s sive 
segregat ing generations to detect the res is tant plants .  The number of 
plants  in each generati on would need to be cons i s t ent with the expec­
t at ion for frequency of occurence of the des i red genot ype where 3-6 
loci are involved . 
Conclusi ons in this study were bas ed on the leas t number of arms 
required to sat isfy the data . Only trans locations wit h  marked 
endosperm were used in the study . Even then , no t all cros ses involving 
the marked trans locat ions were made . Because of this , some breakpoints 
close  to interchanges with signi f i cant ass ociat i on were not tes ted . A 
large numbe r  of trans locat ions covering chromosome 9 were used in this 
inves t igat i on .  
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CONCLUSIONS 
From the standpoi nt of breeding , several pos s i bilit ies have been 
sugges ted by the findings of this study .  At tainment of genetic  impro­
vement requires access  to adequate gene tic  variat ion and the incor­
poration of such genes into  des i rable gene t i c  ba ckground . Furthermore , 
with the producti on of single cross  hybri d cultivars , inbred parents 
poss es sing the des i red character may als o  condi t ion other undes irable 
t rai t s  in thei r off sp ring or the heri tability may be low ( 1 ) .  In this 
s tudy , it was poss i ble to ident ify inbreds ( as typif ied by SD1 8 , A662 ) 
of high LFW d i s ease resi s tance that are capable of transmi t t ing this 
character to their progeny . 
The eff ect  of the environment in dis tinguishing res i s tant geno­
types on the bas i s  of thei r  phenotypic react ion to LFW was more promi­
nent in the fie ld evaluat ions . The highly signif i cant year and year x 
treatment interactions for hybrids in the field experiments ( Table 1 4 ) 
sugges t that evaluat ion of genotypes for LFW be carried out over a 
number of years and in different envi ronment s to identify genotypes 
that  have a more stable res istance to the diseas e .  With thi s  
_knowledge , breeding programs aimed a t  genetic  improvement of hybri ds or 
commerci al corn populations in their levels of LFW res is tance is 
practicable . 
The relative eas e of ident ifying genotypes that are res is tant to 
LFW and its  ut ility in breeding have been dis cuss ed elsewhere . The 
mos t ly addit ive nature of inherit ance and the mo de rate-t o-high es tima­
tes of heri t ability in the corn populat i ons studied sugges t that selec-
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t i on for LFW res i s t ance in corn is pract icable . The heri t ability or 
s igni f i cant amount of o� indicates that the gene frequency for L FW 
res is tance in populat ions represented by those studied could be changed 
rapidly through stringent selection of L FW res i s t ant progeny . 
Heri t ability , however ,  varies in relation to gene frequency in a given 
populat ion ( 1 9 ,  5 4 ) . The five parent s us ed in the heri t abi lity 
s tudies were not a random sample from a particular breeding population .  
Because they represent ed two extreme groups , coupled with the inf luence 
of the environment , the heri tabi li ty in the populat i on in this study 
could have been inadequately es timate d .  
Because o f  the large amount of addit ive gene t i c  ef fects mass 
and /or recurrent selection as others have sugges ted in dis eas e 
res is tance s tudies ( 1 1 ,  3 1 )  should be an adequate way of int rapopula­
t ion improvement . In this study reciprocal effects  were not evaluated . 
Signif icance for reciprocal ef fects indicates that  the di rection of the 
cross  may be imp ortant ( 5 1 ) . Any differences due to reciprocal 
ef fects , however ,  cannot be ut ilized in  non-direct ional recurrent 
selection programs . 
The predominance of GCA indicates that select ion based on the 
performance of individual lines should be ef fective in improving LFW in 
the populat ions evaluated in this  study . Rus s e l l  and E be rhart ( 38 )  
and Hoegemeyer and Hallauer ( 26 )  reported that G CA o f  selected lines 
. derived from populat ions improved by reciprocal recurrent selection was 
more impor t ant than S CA .  This is cons is tent with gene t ic theory that 
even when dominance is comple te , mos t of the genetic  vari ance will  be 
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addit ive ( 1 9 ) . The recip rocal recurrent select i on program in which 
s imul t aneous improvement of the populat ions for L FW res i s tance is one 
of the obj ectives wil l  involve the evaluat ion of S 1 lines be f ore tes t­
cross ing as well  as thei r  tes t cross performance with the reciprocal 
populati on ( 5 0 ) . Because many traits , in addit ion to grain yield , are 
import ant for hybrids to be acceptable , selection programs should aim 
at increasi ng resi s tance to LFW without sacrif icing yield capacity and 
other des i rable agronomic trai t s . 
There were significant genotype x environment int eractions and a 
relat ively large magnitude of 62 E in this study . Carson and Hooker 
( 1 1 )  have sugges ted that under these conditions , select i on based on 
some sort  of replicated progeny tes t may be nece s s ary to obt ain the 
highes t levels of res i s t ance . Yield los s studies ( 1 0 )  f or commercial 
corn hybrids  due to LFW have indicated that high foliar diseas e rat ings 
did not always correlate with a signif icant yield  reduct ion and several 
hybri ds with low d i s eas e rat ing suffered signif icant yield los ses . It 
would appear from these findings that the exact level of resi s tance 
needed is not clear . Before mai z e  cult ivars are releas ed , they need to 
be tes ted in several environments of the midwes tern Uni t ed S t ates  for 
LFW reaction to ensure adequate levels of res is t ance . 
I f  the trans location dat a  may be us ed as a sugges t i on of the 
gene-t i c  sit uat ion of heterogenous populations , one could expect that 
recurrent selection for LFW resis tance would show rapid progress in the 
firs t 2 or 3 cycles . Subsequent cycles would show further ,  but slow, 
progress as the frequencies of genes with minor ef fects are increas ed 
to 1 . 0 ( 13 ) . 
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